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.’ ARTILLERY SOFZTY AND ARG DEYICE
B
\: ] 1. Backgrourd, Statesent of the Prcblexm
<
The obiective of the progran was tc design and develop
? 2 safety and arming device for general ertiliery use incor-
porating dashpot functions to delay arming and self-
: destruction. The concept involved uie replacexent of the
gear driven runvay escapesent of the current 117321 booster
3 {Ordnance Partn io. 85355%1) with 2 sicpler sechanisn
% utilizing a Sharp Edg2 Qrifice Dashpot (SEOD) for arming
; delay and a Liguid Anrwlar Orifice Dashpot (LYD) for self-
*' destruct to "clean up”™ dud rounds.
{ ne work was to be based upss Ereed Corporation’s un-
: solicited propos2l dated Hay 23, 1262, "Artillery 2aoster
; Essechbly® and AIDDG-DIS, Sranch £28, of Harry Dicmerd
Laboratories® Technical Evaluaticn of Breed's proposal dated
- 4 June 27, 1363, as ircorporated inwo the Statesent of York
DRAG-32-70-R-2047 of Janwary 12, 1S72.
22 In addition, the progres scusht 2 sclutien for QIRI

Predles fo. 72, “Hich ferforsance Artillery 3rc iortar Point

Detonating Fuzes™ which requires a substantial reduction of

overall duds uitheut affecting safety lavels, incresces
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2. Description cf Oparation

The artillery safety and arning device (Breed Drawing

flo. 508370) when attachad to 2 fuze and fired frca an artillery
oun or howitzer res2ins out-of-line for at least 70 meters

after leaving the barrel of the gqun.

The setback is recorded on a SHENAFLGD and udon experiencing

a proper setback accelzeraticn, ihe SHEARFLOD piston begins coving
dowrsrard in its cylirder with its sotion being opposed by a bias
ferce fros the SHEARFLOD spring and a viscous shearing force re-
sulting fron the relative coticn of the SHEARFLGD pin and its
cylinder. Once th2 spirning projectile exits froa the muzzle,
the t4o slider detent pins begin coving outward 2gainst their
respective slicder detent springs due to centrifugal zcceleration.
Thus, undar 2 oreper firing eavironment, the three detents ere
resovad froz locking the sfider weicht asseshly which is nod

free to cove radiaiiy outsard also due to ceatrifucal acceleration.
After a short motiorn, the slider wRicht assezdly icpacts on ine
tininz pin which punctures 2 foil sezl in the SEQD asseshly and
bears on the SEQD pistcn. This creatss 2 pressure in the five
centistoke silicone fluid shich pravents further motica of

the SEOD piston asseshly zxcept 2t the rate detersined by

the flcw of the fluid trrough the sharu 2dge orifice in the
SEQU piston. Tha flov rate of the fiuid throcuch the hole

thus detersines tie tize it takes for the slider woight assesdly
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to oove to its cutermost radial positioa.
ther the slider ueicht assechly reaches its outermxst

radial position, threes dotonators beccce 2ligned with three

: lcad cup assechlies. The fuze is ruy armed and can be initiated
> in one of o todes. Any standard artillery fuze placed 2hove
k= the artillery 3 & A booster assecdiy which can currentiy be used
with the standard 11125 can be used with this S & A. The ex-
plosive outout of such fuzes is sufficient to igrite the M55

3 detonator. This detonator in turn will ignite both wodified

= X-76-E3, 50 miliisecond delay detonators and in turn ignite

all three lead cup assechiies which carry the explosion to the

rain explosive charge. In 2dditica, any new fuze having

rothing sore than 2 firing pin pesitioned above the alicaed
'3 55 dotonator can be used to initiate the round. If the prizary
' fuze fails or if in the secend exacple the firing pin is re-
: woved or locked out, irpact of the projectile with a target
.3 causes both rodified H-76-£3, 50 millisecond delay detcnzcors
to zove fonvard against firing pins in the cover resulting in
8 initiation of the rain charge redundantly in the delay ccde.
3 The SHTARTLOS setdback pin differs from conventional soring
b £ass setdack pins in that it reguires 2n acceleration of above

2 =inimm magnitude and also lasting for 2 significent duration.
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Thus, the scthack pin will accurately differantiate betucen X

foot drop and @ minimar g tortar firirg, for execple, signi€i-
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cantly increzsing the drop safety of the round.

The design in addition contains thiree recundant explosive
trains vhich greatly increase the reliability of the pro-
Jectile exploding in the superquick and delay modes and signi-
ficantly reduces the incidence of duds.

Every part in the S & A h2s been designed for preducticn
on hich volume mass production machines. liost paris are
stamped, draun or extruded with 2 =inicum of parts requiring
cetal cutting. in addition, 217 of the nen-explosive parts
are m2ce froa aluginuz or steel, thus elioinating the reed

for critical materials such as corper and brass.

3. Theory
3.1 Gen2rai SEOD

ke tizer or integrator used in this artillery S & A is
tased on the SL0J, or Sharp Edge Crifice Geshpot, technology.
Whe sinplest echadirmnt of the SE0D consists of a piston having
a sharp edge sifice traveling in 2 cylinder in such a manser
that thr predoainant fleid {loz occurs throuch the sharp edge
orifice ».t¢ i flor in 2 clearance betseen the piston and
cydingor Laiwg negligidle. In addition, flow in the arifice

ws? be 2t sufficiently large Reynoids aurders so that viscows

effects in the orifice can e nsgiected. 1In 211 cases the
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resistance tc the motion of the piston arises froo the inertial
flod of the fluid through the orifice and the dynazics of the
piston can be neglected.

Bernoulli's equaticn for this case becozes sizply:

2
§= 3’2- (3.1.1)

Therefore,

O AL A AN 5T 9 0 e it L’wm‘

YN
<
9

y L)
and,
g e-my =B/ £ (3.1.2)
, Also,
i =0.8/Z
=~ X A A /—o
A giving
NTars
3 t =w F (3.1.3)
; ¥Where:
, t = tize delay {sec.)
4 L = length of pistes travel {ia.)
A = area ¢f piston cross sectiun (inz)
= B = area of orifice (inz';
z 2
3 s = demsity Ibs. sec
! in
H X = experizentzi orifice corstant {approxizately .7)
H F = ferce (Ibs.)
< Y = velocity of fluid in orifice {-0)
p: i = velocity of piston (2 3
g X velocity of pisten (sec) :
3 Q@ = voluze flov rate (in/sec) e
¥ = pressv.~ drop acress orifice K-
=Y
5 K
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The tire delay 25 expressed by equation (3.1.3} is not
dependant cn the viscesity of the fluid and thus accuracy
should be relatively independant of terperalure. However,
for cquation (3.1.3) 0 be accurate, the flov through the
clearance rust be negligible over the entire termerature
range of operation. In 2ddition, viscous effects in the
orifice sust be negligidle which imdlies that the Reyroids
nuzber rust be significantiy grezter than 1 and that the ratio
of the length to diaxeter of the orifice should be scmail.

The flow through the clearance bebieen the piston and
cylinder can be approxicated by a flow through a rectar~uler
s1it since h<<R. For a liquid urder the conditicas here the
flow can be conside,ec steady state and incorpressible. For
the case where the pistos and cvlinder axes are parillel, as
i1l be assumed here, the floe is one direntionai. for these
assumptions tha equations of zoticn reduce to:

.dé; I ;Y_Z- {3.1.4)

Integrating equation {3.1.3) brice yields:

2
_ & ¥
._;yx K 5t Cl Y+ C2 (3.1.4)

hssuzing ro slip at the walls and that the velocity of
the piston can be neglected with respect to wid-streaz
fluid velocity

‘Ix = 0atY¥Y=9,h
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which yields: 4
- Cz =0 &
. _d h
: G-% 2 =
N Thus, :
> 1 g2 "
7 Y =g 3z (1€ - hY) (3.1.8) E
3 whidt is the faniliar parebolic velocity profile. :
e The tota} flov of fluid can nov easily be found by :
# integrating: h fh p
5 = |2 =R 2 3
2 Q- Jz_mxuv =& e 3
-3 0 [ 4
Thus, i‘
s 3
. =Rh” 4P :
; Q- by dX (.1.7)
4 ard since the pressure gradient is constant providing the ‘
E piston and cylinder axes are paralilel and the clearance is 5
. consiant, equation {3.1.7) becozes: ;
E R (P,-P)) 3
I Q = ——6—'_—;L (3.1-3) ;
The pressure drop can be related te the force applied ‘
; to the giston, 3
: F = { - =12
¢ F \?2 Pl).a 3
E Also, 2ssuming negligible pisten acceleraticn, the velocity ;
. of the piston can be reiated to the voluze fios rate, «
4 . K
k> 2
_ =R°L
: Ll
i A
- 7 k
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A
A Substituting these equations into 3.1.5 and rearranging, 3
= yields g

_ o3y
: t 64:53{ LL {3.1.9) 5
5 h™F 7
Sl
‘ wnen the piston is resting against the side of the cylinder b
‘ the lccal clearance can be related to the =e2an radial clearance *
:: by the reiation '<
f; k= H(l-cose)
. where second order terms have been neglected.
3 Suhstituting this into(3.1.9)and integrating from & = 0 E
- to 2= yields -
S - 3, ¥
3 ¢ = SERULL (3.1.16) g
g 2.55F s
-3 Khere: E
E w = viscosity : )
f; ) R = piston redius k.
7 =3
’! L = 1lengtk of pistor travel b3

L L’ = length of piston
- h = clearence 2

3 F = force applied to piston 3

©
"

angular coordinate around piston

fiot rete through clearance

“ ©
n

= fluid velccity in X direction

~
>
n

cnordinate exis paraliel to direciion of ~otion

;
[+
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A
.
~ Y = coordinate 2xis perpencdicular to visten and
' ‘ cylinder walls
; P2 = pressure inside cylinder
o ?l = atmosphere pressure
e H = wean radial ciearasce
- For the flow in the clearance tc be negligible,
-b therefore, the ratio of the time delay due to flow through
the clearance to the time delay for fiow through the orifice
. - oust be large. Tnerefore, dividing equation{3.1.14 by
z equation (3.1.3} yields:
2 o KL'B
3 PR
. 1' ¥here:
3 I LA SR
2 . 2.5 /=
i tc = tize for travel if all fluid traveled through
" the clearance (sec.)
3 to = tice for trave’ if 211 fluid treveled throvgh
J the orifice (sec.) i3
: w = viscosity (lb.seclinz)
L' = 1length of piston {in.)
gé o = density (-“—!_"—}e—c—)
] 8 = area of ori}gce (inz) 2
9 F = applicd force  {ibs) 3
9 k-
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The secord cordition that viscous effects should te
regligible for the flor through the orifice, reguirss that the

Reynolds nuher sheuld be cuch greater than one. Thus;

_ ¥d
Re = —”>>l
¥here:
Y = fluid velocity {in/sec)
v = kinezatic viscosity (inzlsec)
d = diazeter or orifice

The fluid velocity can be evaluated froa tha flow {Q)

through the orifice for steedv state flow:

and _
Q- B
[ o]
Therefore;
R, = f‘:f__ (3.1.11)

These equations have been programsed in 2 stightly
different forn te permit 2 nuzericai integraiion of the
waicht travel since the force on thz piston varies as the
waight coves to 2 larzer distznce fro- the spin axis. Some

representative resuits are shown in 72bles 3.1 to 3.6.

1




Coivz=n 1 in the tables renresents the angular velocity
of the projectile. Coluzn 2 is tha time required for the
weight 10 travel froa a radivs of 575 inch to .325 inch.
This is calculated by nucericalily integrating the piston
veiccily over tine where the piston velocity is the su= of
the velocity due to floe through the clearance arnd the fiox
through tae hole. Column 3 is the le2k ratio uhich is the
ratio of the total flce through the cliezrance to the total
flox throsgh the orifice. Column 4 is the Reynolds mcder
calculatad according to equation 8.1.i0with the travel
due {0 the flos through the orifice sudbstituted for L.

The results in Tables 3.1 lnrouch 3.6 shox the spin

rate, tice, leak ratio, Reysolds mxcber and turns to ara fer

fluids of 1 cezatisicks, 5 centistoke, and 30 centistcke viscosity.

Fer fach viscosity rurs are made at 16 5% ard at -63%F. Ltooking
2t Table 3.1 ard 3.2 for the ! cs oil, the turrs o zrm retio
stays vamarkebly censtent at -55° , hoeever, varies considerabiy
at 16=°%F. For 5 centistcke fluid, hosever, the variatien is
such i1ess rot only 2s 2 functica of spin but 2is0 as 2 funclion
of texperature. Similarly with 30 centistoke {luid, go0d
results are also ohtained excest for the fact that at -63° the
Reynolds sm=ber gois swite lar vhich casts doubt on the
assuzpticn of irertial {iow throuch the orifice. Since little

curacy is g2ired Sv oping fros 5 to S0 centistoXe {luid, S
centistcze Tiuid was chosen for this application.

1i
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TR3tE 3.1

ARTILLERY S=0n PROSIRY - 1726770
REVISED - 12714771

FLUID iS 1 CEETISTIKT SILICONE
FLINID VISTCSITY = .2 CEXY
TESPERTYIE = 185 DES.
PEXSITY OF FLYID = 777
MEAR 237In) f1TARARCE <
ORAIFICT DIANITER =

]
e
v
o2
I
*h
m

WS HOLT LE

|

T LEAX RATID REYXOLAS -
1.2 SMTISIRT-72 552884
+E123 Q.14302%-62 £314,31
.S8275 12137 11035.7
<ASPR37 « 1520837 13826,
«375 < 181854 158548.3
3125 «211356 19222.8
«273437 «243267 22¢23.5
«230ASS 271758 24723.2
<203125 32158 27432.4
+ 18354 333514 30286,9
165062 «362391 50536.8
« 148437 «381874 35622.5
136718 «472.3554 3B483.2
.25 «45279 41118,
«1132F1 <AT3ISTE 435847,
103516 «21CELE 48354,
S.765C2E-2 «544461 AS45T.6
R 284227572 57124 51516.5
3844772 +6N1043 54617.7
7.812505=72 »62E674 S714E.5
T.421572-02 +661433 68077,
T831252-72 « 5328 £2903 .
S.64ARERT~F2 122778 6567S.1
§.25(T2E-02 + 150764 ERIGT .S
3374 = 2°8565 iz,
12

P



TABLE 3.2

< ARTILLERY SEOD PROSIH - 11726770
3 QTVYISED - 10/14778
5 FLUID IS 1 CINTISTONE SILICAKE -
: FLNIG VISSOSITY = 17 7ERTIPOISE
)5 IE4PI3aTY3s = -65  DEC.F
g BERSITY OF SLYI™ = .€83244 MS/CU. €
4 <tan 3ADIAL GLEARAXCE = 1.25(0E-34 ~ IKCHES
4 AIF1AE DIAYEIZR = 5, ACATPE-F3  IGEHES
E sPIn Ti%Z LEAX RaVIO REYXOLDS %0,  TURKS
z (2P 70 a3
3 INes 1.40525 1.288865-128 118,281 47
5 s 3375 1,9557i 5-73 177,318 47
3 seep .703125 2.6010ET-93 236,511 217
3 sace 5625 3.24319%-23 224,597 47
2 era L4EET5 3,812075-73 358.0242 47
3 w0t 358437 4.53583T-03 413,543 16
8 sace .351582 5.205815-03 £73.57% 47
‘ 9220 .3125 $32.134 47
£ 12000 .28125 380,548 27
5 11000 .253586 €52.202 a1
g jzeed .234375 712,901 47
5 13802 212544 768,987 47
14720 .18821¢ S £25.369 26
E 15080 L1875 0.7€4025-03 ERR,762 a7
g 1€0F0 175761 1.F43033-02 S4€.583 47
: 17090 164762 1.1081i 72 1°24,35 as
1 thohts .15525 1.172532-2 1086.07 47
- 18000 148437 1.23£525-02 1125.84 27
: 20000 140628 1.3°160S-02 1123.31 47
21080 .122F12 1.561333-72 123¢.1 46
rev .125 1.42815%-02 1286.55 48
> 23000 21054 1.580852-12 1365.86 46
E 24002 115233 }.561185-02 1427.51 Y
b 25002 118328 1.630255-T2 1462.8 LY
' 2axIvUM HOLE LERGTH = 6.3R677Z-83 1%
: 13
X
S
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TASLE 3.3

ARTILLERY SEOD PROGRAM - 11/26/72
REVISED - 19/14/71

FLUID 1S 5 CERTISTOXE SIiLITOKE

3 FLUID VISCCSITY = 2 CENTIPOISE
5 TEMPERATUSE = 185 DEG.F
2 DENSITY OF FLUID = ,04d5 6¥S/CU. C%
. NMEAN RADIAL CLEARANCE = 1.2SPPRE-24  INCHES -
3 ORIFICE DIAMETER = 5,.4800NE-@3  INCHES N
4 spin TINE LEAX RATIO AEvROLDS %0.  TURKS \
5 2PM 10 ARM
3 2apn 1.4373 6.65561E-03 £29,224 48
k. 3eee 853125 1.005055-02 015,472 25
E: aree 71875 1.3421SE-02 1227°.65 48
g Sevs 578125 1 .6TEESE-02 1526.33 48 N
3 (¢ 376562 Z.01E862-72 1836.3 4w
3 Tee0 +AP€25 2.342548-02 2137.28 47
4 geee 351562 2.672442-02 2431.96 a1 )
% sSaAR 3125 3.PA574E-02 2734.74 A7
A 1eP20 «28125 3.338845-02 3737.22 A7
- 1iene 257812 3.6T336E-92 3349,30 47 R
k< 12023 234375 4.0837972-72 3672.19 a7
3 13een +214p44 4,363 E-02 3969.26 a7
K 14902 180210 4,65877E-02 2273.47 46 ,
- 1520¢ +1£3502 S R1024E-P2 455%,02 46
A 162vp 171875 5.343275-02 4E61.55 46
" 3 17600 .164P62 5.712755-02 512,82 46 s
3 180 152344 6.0PEEIS-02 5465.97 45
; 10028 .124531 §.327795-02 5773.76 46
o 2arra 136710 6.6736p-02 069,48 46 )
E 21era .132r12 7.86R1FE-02 642F,21 45
3 22020 123047 7.374385-02 670R.64 45
9 23000 J117187 7. 70147202 7806.62 25 .
2 24F02 111322 R.E13275-02 7282,47 45
. 25000 187322 R.37CERE-02 7614.43 45
k<
< SAXIXUM HOLE LEEGTH =  3.2R992I-02  IA, '
] 1% ’
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2000
3een
prrn
soer
soer
7020
gece
seee
1e0en
1iees
i2ree
13¢e0
seep
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1eeee
18007
20080
21907
22000
23000
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TABLE 3.4

ARTILLERY SECD P0OGIAM - 11/26/713
REVISED - 10714771

FLUID IS 5 CEINTISTOXT SILIcanT

FLUID YISSASITY = 17 CENTIPOISE
TENPERATHAL = -65 DEGL.F

DINSITY OF FLL. T = 1.,06%2 Gus/cy. o

o = Lo e e = i SR R - 5
s R S i IR TS TN 2 SR 2 - Sttt gt e L NS

NIAY DIAL CLEARANCE = [, 258003-04 incHrS
s

ORIFICT NISNETER = 5,40200%-03 IXCHE

TINE LEAX RAATIC RZYROLDS 20, R
T0 arM
1.5625 1.436883-04 13.8552 52
1.03125 2.135732-04 18,4297 52
« 78125 2.873745-74 25.1315 52
«625 3.5¢33%7-04 32.5827 52
515625 4.271892-74 32,8618 52
«445312° 5.03743E-24 45.748¢ 52
« 358825 S5.T4806E-C2 52.2672 5
«34375 6.43218E-04 58.5173 52
<3125 7.187663-04 §5.1725 52
«26125 T.E42465-04 71,343 s2
«257212 E.545R1 -4 T7.7333 52
+2382€1 8.32552z-24 S4.8373 52
«2225858 «TPG27E-TS 81,5127 52
«287031 1.07585E-£3 97.857€ 52
195512 11496420 105,552 52
183584 1.220352-03 110,869 s2
«171875 1.28672T-03 117.957 52
« 164062 1.361522-73 123.81¢8 52
+«15625 143389503 137,272 52
« 148437 1.50314E-03 136,584 52
« 140625 1.568812-03 142.72 s2
136712 1.R50275~03 148,99 52
« 122808 1.,729502-03 1585.5pP5 52
~123047 1.7F8372-03 162.838 Sl
SGTH = 7.P5519%-04 ix.
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TASLE 3.3

gt ARTILLERY SZO2 PROGRAY - 11/26/72
JEVISED - 10784772

E: FLUID IS 5¢ C£ISTISTONT SILICORE
“ FLUID WISTOSITY = 20  CIXTIPOISE
- TINPERATLIE = 155 DEG.F
: PENSITY OF SiUid = SARS 4S/CU, C~
s xzay 2WDIAL u?a+r’ = 1.25R02E-04  INCHES
2 CRIFINE QIAﬂ=t:a = 5.407008-83  INCHES
s
- SP1Y4 TINE LEAY 2ATID REYROLDS £G.,  IUAKRS
PM) 10 AR"
E oo 1 LA6ET5 6.T4RS3T-13 61.2862 4%
% 3een 56875 1.835485-G3 1.8344 A8
H 4200 <7343%5 1.3484RE-C3 122,597 49
; 5600 575125 §.,5677295-03 151.873 43
" &0 463375 2,018672-03 163,723 48
3 R 414062 2.35055-23 213.E7} 42
- geop 359375 2.67457=-?5 243.415 45
- saes 320312 3.0C 273.762 AR
2 10008 +28°062 302,082 48
X 11ac0¢e »265625 335,365 43
i 1208C 242167 Ae ?49l7=’xo 367.664 48
. 13003 .222558 4.3593%E2-23 387.5 2g
V3 14000 207031 4.785512-¢3 A2B.835 46
e 15000 1314708 5.018382-33 456,821 a8
3 i30ev 175627 5.354035-03 487.206 4
- 17088 JATNFTS 5.723335-03 522,354 49
A 18000 162156 €.0233,5-03 S48, a8
E 187ea 152334 o 364382-C3 578.946 35
2000c 144531 6.632595-03 678,768 14
.2 210e8 136719 1.983882-73 637.2%4 48
3 22007 J1328]12 7.33635%-83 §71.453 a3
g 23000 125 7.725775-73 TP2.3R %48
4 240CF 119131 F.04205E-03 731.85 28
o 25000 L115234 R.ANMASIT-N3 764.293 ae

waXInyy HOLE LENGTE = 3.3PR40E-03 1%,
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TAELE 3.6

ARTILLERY SEOD PROGRAN - 11/26/7F
QEVISEDR - 1271477}

FLYID 1S 5C CENTISTOXT SILICONE
FLUID VISCOSITY = 1209 CENTIPOISE
TERPERATURE = -55  DIGLT

DEESITY AF FLYIN = 1.08%2 sEs/CL.C”
MEAN RRD z A = 1.25°00%-04 InCHES
ORIFIfE £ = JARPPLE-I IXCHES
sPIX TINE LEAX RaATIO REYNOLDS RO. TYRRS
{32%) 19 AR
kit 1.5625 1.43674E-2 1.30547 52
o8 1,031 2.135652-75 1.94287 52
seee « 78125 2.R7T343E-35 2.612%4 52
5620 «625 3, SERSE-DS 2,25797 52
ey «515625 4,27133-75 3.26575 52
ez «445312 5.029602-05 4.7T435 52
ECRC 386625 5,747035-5 5.22583 52
SoR «3427% 6. 430 T-05 $.85875 52
j1eeea <3125 7.168255-75 6.51S 52
11082 +28125 T. 842578 7.13284 52
12ee¢ +257512 8.542762-05 7.771€} 52
130280 .2382¢1 9,322602-€5 T.4F166 52
14008 «222556 1.005962-74 S.14F85 52
1500° 22078312 1.87549E~-C4 £.733%1 52
16007 185312 1.145432-04 10,422 52
1700c - 183534 1.218882-33 13,0833 s2
igeee 171875 1.286218-04 11,7217 s2
jerep 164062 1.361035-F4 12,3773 52
PASE 15625 1.433252-04 13.0323 52
2100¢ «V4EA3T 1.50254E-C8 13,5631 52
22003 140825 1.5S€168-T4 14,2682 52
23020 <136718 1.,648842-038 2.8825 52
aaroe . 12880S 1. 7CES1T-04 15.5436 52
25028 123047 1. 78F3RT-T4 15,2762 sl
#AXITUY HOLE LEESTH = 7.05281%-65 1%,




Tne forsard velocity of an art{ilery projectile is
related to the bore diaceter (B) ard spin rate () by the

wist {T) of the rifling.
v (3.1.12)

The distance traveled by the projectile assuming

negligible aerodynenic drag is:

{3.1.14)

The tize delay from equation {3.1.3) is:

1A /oA
/=




S, E s =
T el el e e e p

SIS ek

Yhere:

» = projectile spin (sec'l) »

2 B = SEGD effective drive mass (12:S8C)

4 in

5 R = distance of SE0] drive tass center of gravity
4 froz spin axis (in)

Since both tirme delays are proporticn2l {0 1/u the SE(D

AT

da=ping characteristic results in constant turrs {c ara.

This is true even though the distance fron the center of

-
LR

534

drive zass to the spin axas varies during araing sreviding

the angular velocity does nct vary appreciably.

3.2 SHEARFLOD Safety Sathacsk Device

For many years there has been 2 desire in the military

Vo, 2 ¢ PP
RN oy g poy

to render all amnitien drop sefe.  Specifically, it is
; highly desirebdie that all armunition be designed to withstand
2 30" drop entd 2ny surface without the possibility of the

fuze becoming 2rred.  The basic prodlex has b2en that under

such drop conditions the acceleration <hich the {uze ex-

g periences can Se ¢f the seme cagnitude or much craater than
3 that experienced in an actual b2llistics eaviromrent. An
artillery sheil dropped onto a2 & steel plate, for exazole,
ceuld experience an acceleration of grezter than 28209 g.

The difference, of course, is :hat during 2 firing the

18
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durztion cf the acceleration is considerably lorger. Or :

* stating this another w2y, the energy change involved in an :
3 actual firing i3 cc¢iderably greater than present in a Z
.{ 40’ drep. :
2 ¥ost attespts to achicve drop safety have been based :
‘ upon 2 sizple spring mass systex. It is very difficuit %o E
X provide 2dequate drop safety in 2 s=2ll space with sizple -
: systems of this type. Taus, such desices are often g
activated by socething less than 2 40" drop. 7o overcoze
; the deficiencies of the cirple spring mass systsa, sequential
-: saring o2ss systess were devised. Such systess differentiate
‘ betyeen 2 short duration and a lorger duratisn acceleration,

3 kowever, they 2re generally cudersoze, cozposed of cany :
- parts and relatively expensite to menufacture. i
"i. To achieve drop safety for this artillery S 3 A 4
9 application, a SHEAZFLOD dashpot w2s chosen. This SHEARFL(D «
A consists of an accurate piston and cylinder as shovn in :
‘5 Breed Coporation Drawirg Yo. 508970. & grease-like cocoournd E

is vlaced in the clearance between th2 piston and cylinder, ;'

.‘ 2nd during activation of the device the niston zoves relative 3
; to the cylinder shearing this cocpound causing a viscous re- ;
E tarding force. ¥hen the gevice is accelerated, the pisien f
"s begins movinz in the ¢yiinder being opposed by a2 spring and :‘

}g the viscous force. Since the retarding Torce is 2 {unction

| 3

i » :

g

%] E

¢ 3

g
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of the velocity of the pin, the {aster one atterpts to

=ove this pin, the greater the ratarding force. It therefore

T  T { S ST

requires an acceleration of 2 significant magnitude and

duration to cause the piston to travel tha full dis.ance in

e DT T A T

“he cylinder. Uncer drop conditions with 2 properly designed

unit, the piston will move only a very short distance in the

A ERYTS

cylinder, whereas urder typical setback conditions sufficient

e

enargy is present to permit the piston to travel to the

bottom of the cylinder.

ARTEALINY oy

Because the SHEARFLOD therefore requires a larger 2xount

ey

A

of energy input to become Tully activated, it successfully

N

RAXTEA

differentiaies between 2 high energy setback situation and

a much lower energy drop cordition even though the magnitude

of the acceieraticns are the saze.

The viscosity of 2 sudstiance can be defined by the rela* an:

T, = x.?d!yl (3.2.1)

3
3

b7
%

¥here ;: can be 2 functicn of U, y, h and T. Fer the
case where the clearance in the region of interest is ==2ll
copared with the radius, the viscosity is constant, and

fully develoged §lew exists,




8 A AL

The shear stress is defined as the force per unit

PR

area in the x direction, thus,

F, i

3 Ty ° FEeax {3.2.2) "

\'-' Knere: e

‘ h = is the local clearance (a function of x and &) 7

Fx = the force on the piston in the x direction
. U = the velocity of the pistcn '_
"e R = the radius of the pniston 3 K
2 2 = the argular ccordinate around the circu=ference 7"
"it x = coordinat2 alony the cyiirder axis 3

: y = the ccordinate perpendicular to the cylinder axis
: = tecporature ;

Substituting these relatissships and sciving for the 3

force cn the piston, :

F, = H  pazax 3

This equation can be integrated for centered travel if we 2ssune

that she viscosity is independent of X and & to yield,

3 Fo= ZptRL {3.3.3)

E 22 3
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This is as far as analysis can be takea at this tire.

The relation relating the viscesity to the shear rate,

clearance, tesperature, etc., st be deterained experizentally

for each substence to be used.

E in general. in order to cbtein a device whose tice delay
5 is relatively constant over the ajlitary texperaturs range
the piston is choser froz 2 material having 2 significantly
9 hicher thermal coefficient of exparnsion than the cylinder.
"j Once materials for the piston and cylinder have been chosen
and once the cylinder internal diezeter is picked, the diazeter
* of the piston can be detersined for optizun texperature
. cozpensation for a givea fluid. for a device tne size of the
‘ safety setback device, very little temperature compersation
can te achiaved in this way. Exparirment2l resulis have
i indicated, however, that the variation in tizme delay is not
‘- as severe as would be expected for the SPEARFLOD =sed in this
7 contract.
3
3.3 Co=parison of Spring-mass and Yiscous De=pirg Setback
: Systess
3 3.3.1 Anlysis of Suring-mass System
: A summation of the ferces on the mass from Figure 3.3.1
i yields: j
3
. 2
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Figure 3.3.1

I -

o= MLF +E(r-X) =0 {3.3.1)
Khere:
¥ = Kasgs of setback pin
X = Absolute displacezent of setback pin

= Absolute displacement of projectile

” -
]

= Spring cons*ant
F_ = Initial spring cozpression force

Putting this equation into standard form,

- 7
¥+ Exss e Ry (3.3.2)

IT we zssi=e 2 constant acceleraticn of the projectile
v = 1282 (3.3.3)
¥here:

& 3 projectile acceler2tion

t = tice
“Thus:
- F >
T.Ey_ 0,k 2
.+ﬁx-l+2—§t (3.3.9)

The solution of equation (3.3.3) is composed of 2 hosogenzous
ard particular part,
X = X + {3.3.5;
' !

2%




¥hich can be found in the usu2l manner to »e:

xH = Alcos-/—é t+ Azsin/§ t

and
-3 2 M
’; XP =122 ¢t - (_T—) {3.3.7)
‘ The constants A; and A, can be cdt2ined froa the initial
corditions:
E X=0,%X=02tt=0
5 Te give
E; 2 {ﬂa—:-‘o) =
: x=122t% - —2(1- cos fF1) (3.3.8)
. v
The relative coticn of the pin is therefore:
Ha-Fy <
-. {Y-x} = (T) {1 - COS/ ﬁt) {3.3.9)
:; Tne notion of 2 spring mass systan can be simolified
'i for the case of a constant spring force and 2 step function
“‘ acce‘leraticnl. For this case equation(3.3.3 becomes:
, B = FO {3.3.10)
3 and -
3 Y = A {3.3.11)
. Integrating 2nd aprlying the initial conditiors:
x=fFe+¢C
A X = -¥ at t=0
e Yhis analysis follers 2 su~r~estinn by Tavid Mvermen and
- Hillian 3aicerson of Harry Siatond la2boratories.
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{3.3.12) ;

IS
"
-
(a4
%

S
=
o3
g
e
A

2 _yt (3.3.13)

b
f
[
S~
n
-
re

s
"
e
(2l
+
3]

Y=vatt=0 2
Y=ht-¥ osts

y: ; o {3.3.18) 3

3 Y=0 gt E

E 2 <

Y=y2att-vt 03ts ;

© 3 i (3.3.15} 3

-
[}

V2htl-vty St 4

Yhere: v

Aoy B Ly

Acceleration of projectile 2

b
"

= Tice to stop projectile
Y

; = Initial velocity
T
a8

L) ]
[]
<A

()
e

Yhen the pin ha2s traveled its maximzm distance its velocity

- is zero. This would zheays ocour after B providing the

acceleration exceeds the Sias veluz. Then since:
~ T=0=at -V {t=14) . 3
E Vs At (3.3.16) E
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and,
X =0 = ¥+F
Thus,
t, =R (3.3.17)
¥here:

t = Tize at paxim= pin travel

The travel of the pin fronm eguations (3.3.13)and (3.3.14}is
then:
VX122 - ¥ by - Y2 FES =y {3.3.18)

Suhstituting eguations (5.3.16 2nd 3.3.17) into B.3.18) ard
sicplifying yields:

2 .
7= !2 @ - %) (3.3.19)

3.3.2 Analysis of Yiscous Dasping Setdack Systen

Using the sars notation as Sefore but reglecting the
spring force since the soring is nor chosen %o srovide 2 slox
return tize for the niston 2nd %ill be considerably lighler

than the viscous dexping force, yields:

tF=-0-DX-Y)=0 {3.3.20)
Where:

D = Lirear viscous dz=ping coefficient

27




Rearranging gives:

1+

o
>
"

HI©
-

(3.3.21)

If we assume 2 constant acceleration

J<
k¢
7
;

b et -
ROPHRIIOAA T ot et LY e e 3

Y = at (3.3.22)

,~

: Thus,

g .0y _DNa

A X+ E'.;! s t (3.3.23)

Again the hooocen2ous and particuler solution can be

found in the conventicnal marser to yield:

eV Rk

i e

DA
X, = Ae L 2, (3.3.28)

IR T ALY S

- 2 _ai =
XP = 1/2 at® - 5 t (3.3.25)

R g 2

5

Using the sexe initial conditions as above gives the

3
K cozplets solutinn: o
- . 2 =t
3 X=y2at?- B e B (3.3.26)
. L
é Tae relative zotion of the pin is &ierefore:
2 i=Y-X
a2 -f—::
3 2=+8r: a7 {3.3.27)
N 1] DZ
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Since {Y-X}<1 an¢ for any reasonable drop or firing puise

*
av>i, g«l and the second term can be naglected, thus

2=t (3.3.28)
3.3.3 Biscussion

Comperine equation{3.3.19) to equaticn5.3.28 it can
be seen that for the pure spring cass system the travel of
the mass is not cnly 2 function of the velotity change but
2150 of the acceleration. For the SHIASFLOD systen, however,
the travel is a function of the velocity changz only. in
addition, once the bias acceleration is chosen, the travel
of the mass is fixed for the spring =255 system for a given
acceleration vhereas in the SEIARFLOD cwvstes there is o

such lizitation icoosed on the design.

*70 get an order cf =agnitude 2pprovizaticn assume (Y-X)= 1 inch

andt a = snos inlsecz.- If the first ard secord terms cn the

right are egual, then

or t = 574
- u.2
Thus , 1=3.13%32 (5 =
Therefore g= 1.33 » 10—3 sec
Thus 24

b]

and tne secontG 2ers can Se neglected.

It 4

C e s Tl

bs




3
[

pioacec)

LaNS e

TRONN

pe
PRA

W e LM Tuta s e Toal el Sem 4 Mwaadl e vTe L0 it R R

4. Swrary of Hork Accomplished Urnder Contract
4.1 Scope
The scepe of this contract was to explore the f2asibility
of a safety and arming device for use in artiliery fuzes.
This device was to use dashpois to provide such functions
2s arzing delay and was tc include a cud clean up faature.

t was to meat cut-of-line safety, safe separation, handling,
envirommental resistance, physical shape, exolesive train,
dud clear~up, ard other perforrance requiresents as deiineated
in the statezent of work. The contract involved the
construction of 85 units t0 g0 through txo test progracs as
depicted on Charts § and 2. During the course of the contract
substantial modifications were zadz in the proposed design
of the 5 3 A device which had the effect ¢f sicnificantiy
improving its reliability and safely, erd s° _-ificantiy

reducing m2rufacturing costs.
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4.2 Pre-contract ilndifications

The original design oreposed is shown in Drawing S026G0.
Prior to the beginring of this contract several charnges
were rade at the suggesticn of KDL engineers. In particular,
a reservation corcerning the adequacy of an .08} inch wide
barrier in the expicsive tr2in of the original design was
rezoved throuch 2 redesign which placed the SEGD timer in
the m3in coving rass wherein the ticer becane the barrier
in the explosive tr2in. This design mcdification had the
further advantzge that the fragile prorcs on the sliding
cass of the original design could be eliminated vhich re-
moved concern Jnat these prongs might elastically deforn in such
a w2y as to beccze 2 significant source of friction.

An additicnal concern revcived arcund the setback arnd
spin sensing pins of the original ‘design. Tihis led to the

incorosration of the SKIARFLOD satback sensor described abgve.

4.3 Early D=sion Changes

After the coniract was awarded, 2 meetinqg 22s hald 2t
Harry Diarond Laboratories wherein the ocssidbility of using
an DL deveicoed suser-cuick detonator assesbly was discussed.
This is a syste~ whoreip a detenator ic bheld in a sm=ell siider
spring loaded a2y {rom 2 firing pin. Upon iz-dact the =acs

of the slidar prczels the datonator ints the fixed {iring oin.

33




r
ThEmay,

~
N
VAR
LA

Ny

[,

o
3

+pta COPY
gost Avel



>
2]
Rx
X
X

ANl GRS

i ¥h,

»¥

PR A i

R

ks
E

oy

This discussion lac to tha idea of using a dalay “etonator in
a similar manner and eventually resulted in the tt0 recundant
celay detonator systecs no incorporated in the finai design.
The second de¢lay datonator was iacornorated to provide re-
dundancy when the fuze is ojerated in the delay oode.

At this sa=e visit it was suggested that, if possidle,
the size of the S & A should be reduced so that when used in 2
wodule configuraticn it weuld fit into 2 scailer cavity than
the K123A1 booster. As a resuit the size of tha S & A was
reduced, however, subsequently it was learred that even 2
further size reduction was desirad. This, it is felt, cannot
easily be dene with the design configuratiorn of the prasent
S&A

Throughcut the contract period, but more specificaliy
near the beginning of the effort, a substantial ezount of
effort went into recucing the cocplesity of the S & A. The
LASD self-destruct systen was replaced by the two irpact sensi-
tive delay datonators as described anove. 1In addition, 2 on2
piece alumines body replaced the original tuo piece systen
criginally propssed. The slider weicht uas redesigned to
give it 2 sicples and mere sysmetrical shape zaking it sossibie

to be praduced 25 2n aluzini exirusion rathar then 2 core
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4 expensive zinc die casting. The original 459 cechbination spin
K setback lock weight was replaced by tvo spin sensing locks whicn Z
3 provide out-of-1in2 locking and one SHEARFLOD seiback pin. B

T

# substantial acount of work went into findiag an appropriate

e

seal which would stand up under tesmerature cycling as well as the

paitd
'.\ R

rough handling zssts. Hodificazions in this area continued to

S Liedy

nzarly the end of the contract.

o

*_ 4.4 Explosive Tests
2 During the seccad month of the contract zockups were ~
; used to perforn the prelizinary explosive safety tests of }
2" Chart 1. Ia the out-of-line condition it was found that initiation E
A of the superguick detonator also rssulted in initiation of the z
1 tro delay detonators. Hotever, even with all three explosive 3
: elezents going off, there appeared to be no damage or deforsation ’

S e .
: to the output leads. One unit was set off with the cutput fron E
’ the detonators 2s nearly in-line with she 29X leads 2s possible :
= wi chost overlepping thes. Uhen the detonators usre set off 1
j they failed to set off the 20X leads. Hovever, upon inspection :
;7 it was noted that the Je2d cup toss were boved slightly. The
[ final unit was set off in-line to prove cut the explosive train. 3
« The unit functioned 25 planned with 211 three leads again coing 3

‘ cfi 2s detercined Sy 21 stzel witress plate. : .
d 3
; 3
3
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liine additional explosive tests were run at Picatinny
Arsenal and were not included on the test plan. These tests
involved mockup units end were conducted to determine whether
the delay detenators would set off the superguick and thus
bypass the delay time and also what the curation of the delay
tize was. During this period these detonators were under
daveloprent at Picatinny Arsena2l. The initial group of five
units which ware testied produced erratic time resylts but in
no case did the delay detonator set off the super-guick
detonator. The final four units were tested using 2 new lot
of detonators with significantly izproved results, however,
3 out of the & units were not within the 50 :20 millisecond
delay tize. Since these tests were run we have had assurance
froz Picatinny Arsenal that the detonators car nox be cbtained

which fall into the spacified tolerance range.

4.5 Tolerance Study and Initial Time Tests

Ouring the third =onth of the sontract 2 10 to ! layout
of the entire design was made. Al of the aajor paris were
studied and changes in dinensions and tolerance made where
necessary s¢ that no coxhination of manufacturing toleranzes
couid effecs the reliability and safety of the S &'A. These

tolerances are raflactad on the final orints.
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initially the SECD piston xas first cade and then ground
to size. However, du2 to the small size of the pari. roundness
was difficult to maiatain and 2 condition of 3 peint lobing
eristed. This problex was solved by grinding the sten in
Tonger lenylns then cutting them to the reguirsd length.

Zuring this contract en automatic indexing test fixture
«3s constructed to pers=it static icad testing of the SEG
assecbly under computer cantwz! in tetperciura bexes fea
-E5°F to 160°F. A phoiogragh of this test fixcure is shoun
in Figure 4.1, Test results run on this autozatic static
hignh load SZ0D test Tixture appear in Table 4.1. The force
applied to the SEQY piston correspends to 13,000 to 16,000 rpa.
An .0G2 inch orifice size was usad except for No. 12 which
had an .0018™ orifice and No. 15 which had an unknown crifice
size. The pistonfcylincer clearence was beiween 030250 ard
.00G0320 inches.

After censiderable testing 2 dizmetral clearance of
JG00230 to .TOU300 inches seexsd to Se the best tradeoff
between toierance conirol cn the one hand and excessive
leakage betxeen tha piston and cylinder on the other. Test
results for several SEQDs are shown in Tabie 4.1, These
SE0Is uwtilize Tive centistoke silicone fluid as 4id all

subsegue-t tesls.
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3 TABLE 2.1 - STATIC CAD SESH RESWLTS

Tize in tillisaconds at Tecperawure

. SEOD . -55%F -35% Achient 160°¢
10 €8, 67 - 30, 50, 5%, 53, 45
3 36, 53, 53, 55
E: i3 §5, %5 ), 6, 85 85, 88, 87, &, 78
g8, 87, 89
3 12 597, 478 423 395, 387, 438, -
- 332, 371
.
2 13 - 78 77, &8, 72, 78, 1
3 79, 37, 77, 75
3 14 95, 125 78, 75 77. 77,19, 92, 77
1 78
. 15 s2 82, 107 75, 76, 77, 16, -
77, 79
16 - 171, 173 158, 163, 164, 133
3 159, 136
3 17 87,70 79, €5, 77 78,78, 78, Fi, 70
) 79, 78, 75
. 3¢ i8 125, 8 82,85, €9, 80, &0, I,
31, 79 -
19 €1, 36 85, 59, 83 85, &3, 8, 35,
&3, 8t -
2 - 155, 83 75, 73, 73, 713, -
: 73, 75, 7. 18
: 21 &, 76 79, 71,89 €0, 61, F1- €3, -
g 61, 69
3 &
X - L ™ — = - e - e v v o o et e
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1.6 Centrifene Tesls

S g

In orcar to test the cperaticn of the $ & A “fevice

3 under varying Spin rates, a centrifuge {spinnar} was buiit ;
’ based vpon 2 Pege grinding =otor. This centrifuge was 5
= 3
constructed after comsu’tation with HRL and observztior of
;L 3 a sizilar centrifuge in coeration there. T7he centrifuge 3
' worked well initially fica 1000 to 13,950 ros, hovever, 9
g corsideradle dedugsing was reguired before the hichker speeds ;
g of 25,000 ro= could ba reached. The c2in orodles revelived p
_* around vibrations due o urbalance in the fixturing and the }
fact that the center of gravity of the S & A shifis during :
' r=al operaticn of the davice. A photoczraph of the centri- .
' r fuge is shown ia Figure 2.2, 3
, In Table 2.2 results of the turns-to-2ro versus rpx are ;
presented. The results of SEG2 No. 22 are plotted in Ficure 5.3.
s The turns-to-arz for these cases were siightly low dve to the
. : orifice being sozexhat too large. :
2 The static SEED load tests (Tadle 2.1) wers concucted
#itheut the foil seal installed. The SECD was tested in 2
3 vertical axis elizinating the ne=d for 2 sezl. The centrifuge E
; ts {T2ble 4.2) were run without 2 cricned seal. A series of E
K tests were conducted (o i:’ v that the SIND operated idantically 3
5 xith and »ithout the seal. “ha foil sezls were not recessery
: cue to the irsignificaat fiuid leakase bat¢een filling, :
=
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TA3LE 4.2 - CEORIFUAE SPIN TESTS

2?1t Turns

t0 Are le2n

1
16

15X

21

21X

22

330
325

ro
~
(L]]

7
6.5

6.5

4.5

rzhient
Azbient

Ezbient

-50%
Kbient

Azbient

W
D)

1
-

Btk 3 B8

bud bad
Y W ~nN
.
f\“HNwwhlme
co-walwuw [
€D het nad S imt N ST

v

v

2,909 34.3,
3s.e,
35.5,
2,900 38.2,
33.3
3,500 35.4,
4,000 93.8,
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elacing into the spin {ixture and initiating spin.

Pefiliing the SZCD was accomplished by resdving tn2
siston, filling with filtered fluid and replacing the piston.
Once the ret2ining washer has been crizped to the 3£®
cylinder the cylinder may not be used again. In early
envirorzental tests manv SEN0s uere wsed over 2gain.

These SE0IS were nct crizpad. In these cases the retaining
w2sher was held against the foil disc and SEGD cylinder
by a washer fitting arcund the ret2ining washer and

threaded into the s¥ider weight.

4.7 Prelininary Test Flan Results - Chart 1

Tne resuits of the four units tested for amming 2ccording
to Chart 1 2re shon ir Table 4.3. All four were tested at
-55% adient and +159°F. The results of the six iakcratory
ervirorzent2l test units froo Chart 1 are 2s follows. The
five Toot drop test was conducted according to NMIL-SiD-331

Test 13! except that 211 dreps were made at 7 fe2t instead

of 5 feet. The $ 3 & was screved intc a 3° long secticn of

2n 81 o=. round ard the test unit was drooged onto 2 sieel plate

ach of the {ive orientatisns. lhen dropoing

'9
5.
[1:]

several tic

the fuze in the horizontal plane arphasis was placed on aligning

the c:ider in 2 vertical position so as to put the greatest load
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on the spin lock pins. In the horizontzl olare after reseated
drops the material aroind the detent of the slider started to
berd. The unit remainrd safe and arced properly when soun.
lizvertheless, the slider was strenathened to elizinate this
cornditicn.

ke 33 foot droo test was conducted according to

MIL-S7D-331 Test 103. The S & A device was scraxed into 2n

B T ———

1K-30 fuze and then into a 3" lencth of an 8l ;. =ortar case.
ter five 29 feot drop the unit was resdved from the rortar
case, put in a centrifuge and soun. The unit arced in 32.8
turns, after the drops as cosoared tc an average of 32.2 turns
before the drops.
The jolt test of Chart 1 was conducted in accordance with
HIL-STD-331 Test 10i. The test olan of Chart ! was nodified
soceshat to perzit the sizultaneous running of these preliminany
: tests. One unit was jolt tested at Picatinny Arsem2i. A hair-
. Tine crack ceveloped in the foil which cerzitled the fluid to
feak cut. After the joit test the S & A functioned when soun
- in 6.6 turns. A siziiar ;rodlex occurred in the juzble test
4 which was conducted on on2 unit in accordance with MIL-SI0-331

: Test 102. The urit armed in .5 turrs.




£

TASLE 4.3
Arcing Tests at Different Tesperatures - Char: 1

Four Units 3,600 RFY

% Yariation

S3A -60°F  icbient +160%  Eot *o Cold
6 400 429,218 431 - 9%
7 23.5 2.6, 21.3  22.6 + 5%
3 329  28.5, 30.9  31.8 + 3%
3 381 32.5, 32.1  30.3 +132

The transportation vibration test xas conducted in
accordance with Hil-S7D-331 Test 104 procedure I. Four
S § A units were wibrated; two having 2 ner seal desicned
after the previcus jolt and juzhie tests and two with the old
seal. The nex seal differed from the cid se2l in that 2
codified sealing washer having 2 smaller internzl diaseter
was used. Orne of the SEd3s having the old sealing systes
leaked The test results for the four units vibrated are
stexn in Tatle 2.4, After the vibraticn tests ail units
were arxed then taken 2part and insyected. A1 parts of tha
S & A were intact and with the exception of the one uait
that le2ked, ro signs of degradztien of any of the parts

ware evident. As 2 rasult of these testis several modifications
were nade to varicus paris of the S & &, A11 of these codifi-

cations are depicted in the fina2l set of drawings.
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TABLE 4.4

Transportation ¥ibration Tes.s - Chart 1

Turns~to-ara Turns-to-2rm
Bafore After
SLZA Transportation Yibration Transoortaticn Yibration
04 38.3, 39.3 41.1
05 53.8, 43.5 55.8
Cb 40.6, 43.7 7
07 23.8, 22.6 25.1

*Foii sealing disc fractured and SEJD leaked.

4.8 #ain Test Plan Results - Chart 2

The results of the =ore extensive testing as depicted in
Chart 2 appear in Tables 4.5 throuch 4.13. Tae fifteen units
which were to be ¢iecked 2t -60°, arbient and +165° for turns-
to-ara were actuzily rut through 2 far core extensive test
than c2lled for on the test plan. Instead of rumning just 5
onits at each of the tesperatures, it was decided to run 211
15 units through ezch of the tecrceratures and aiso at three
different spin rates. The results epp2ar in Tehie £.5. &
fer data points are missing du2 to equiprent problexs wnerein
the turas-to-ars did not record. w0 units appear with 2
rather s=all nuwber of turns-to-ar=. In both cases this was
due tc prodlems with the foil sealing disc. In the case of
fuze lo. 19 run at 1600 the foil had been misinstalled leaving

3 cep through which the fluid coulid leak eut. ir the case of
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fuze lio. 10 at -65% the foil had a defect peraitting the
fiuid to leak out.

The failure of the foil seal in several of the tests has
highlighted this potential grobles area. This is icportant
since less of the fluid would result in a Toss of zost of the
aroing delay. 2 procedure zust therefore be included in the
producticn process to verify Tiuid presence. This could be
dore cn an astomatic spin fixture which would time the SEOZ,
then shift the entire assenxbly so that ceatrifugal force would
return the piston to its starting position creating a consider-
2ble pressure {such as 100 psi) followed by 2 retiming. A
comparison of the first and second tizes wculd then be 2 check
of fluid ieakage. A sicpie inertial oechanisa could also be
incorporated which would lock the slider in the safe pcsition
if its initial velocity exceeded a given velue indicating that
the Tluid had escaped.*

The ©5 places wutere this ticer could be expected o
daviate froa 2 constaat turns-to-arm, if at all, would be
at low spin rates ard cold tesperature where viscous effects
would take place in the oritice and at high spin rates and
high tecterature uhere the leakage in the clearance bebtyeen

49

*This idea was suggestad by Yilliaz Balderson
of Harry Diamond Laboratories.




the piston and cylinder would cause the turns-to-ars to decrease.
from Table 4.5 an increase in the tures-te-aro did in fact take
place 2t the low spin rates betveen zsbient and -65°. However,
between arbieat and -20° there is very little shift. The

second corcdition did not occur, however, for the soin rates
tested. Very little shift occurred in the turns-tc-arm in

going from acbient to +260° at the high spin rates. The

highest spin rate used for this test was 12,009 to 13,000 rpo.

Since projectiles spin as high as 25,000 to 30,600 ro= it

would be desirable to run soce tests up at this area. However,
the fact that ro significant change took place at 12,000 to
13,000 rpa indicates that the leakage at this spin rate wes
sz=all. Thus even though this leakage would increase by a
factor of approxicately £ at 25,009 2 significant chance in
the turns to arn should not take place 2t this higher rpe point.
Tables 4.6 to 4.2 shows the results of the sequential test
units. Froo these resulis it can Se seen that ro appreciable
change occurred during transportation vibration tests or the
5 foot drop tests {actually run at 7 feet). Hewever, during
the juzble test wood chips fro= the juzble box apparently got
into the fuze through the cpen iead holes (tests wera run
without le2ds) 2nd sunctured the foil seal zermitling the .
fluid to leak out. Soin 0 arn tests thersfore covid not

be run on the jichle er the jolt units. furinc the jolt test

30




TASLE 4.5

TEMNPERATURE SPIN TESTS - CHART 2

Turns-to-ara {Spin Rate 2003-2500)

SEOD No.  -65°F -40% Acbient +160°F
5 5.2 50.7 4.0 48.3
7 61.5, 93.5 51.6 46.1 52.7
8 55.0, 61.2 52.8 45.8 54.4
9 61.3, 62.6 53.1 4.7 52.4
10 57.7, 51.5 19.3 45.5 4.7
11 £3.6, 53.1 49,2 47.6 52.4
12 5¢.8, 51.6 8.0 6.0 45.9
13 - 6.6 53.4 5.8 8.9
14 61.0, 59.8 51.6 47.9 -
15 6.6, 53.0 52.8 45.5 47.0
16 - 55.9 9.9 6.2 47.7
17 72.4, 60.6 49.4 2.7 £9.9
i8 57.3, 53.2 52.4 8.1 48.3
19 43.6, 53.6 47.0 0.9 -

20 6.4, 57.0 50.8 45.6 -

¥ean 53.69 51.07 45.75 50.31

Std. Pev. 5.3 1.8 2.0 e,

Turns-te-arm (Spin Rate 6500-7000)
6 £2.9 - 5.2 35.1
7 48,4 - 42.9 £6.2
8 3.0 - 45.3 £4.0
9 50.0 - £0.2 49.7

10 20,2 - 428 45.8
11 23.9 - £2.9 239
12 45.5 - 47.9 0.5
13 18.3 - 22.3 31.5
12 1.5 - §5.1 47.7
15 27.2 - 4.8 429
16 45.9 - 43.9 47.9
17 47.0 - i5.6 43.6
18 47.9 - 43,9 52.8
19 4.3 - a2.4 5.9

20 5.8 - 41.5 - 279

Yean £5.00 - 45.00 25.81

Sté. Dav.  2.95 - 2.6 3.25
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TAELE 4.5 (Continued}
Turns-to-arm (Spin Rate 12,000 - 13,000}

SECD No.  -65°F -89 Asbient +160%F
6 45.7 - 45.0 46.0
7 43.8 - 7.8 43.0
8 5.0 - 49.9 55.6
9 45.6 - 47.9 51.2
10 53.3 - 48.2 1.2~
1 3.1 - 453 48.7
12 50.8 - 45.2 4.7
13 312 - 43.7 52.1
14 55.6 - 50.5 53.5
15 20.4 - 5.0 48.6
16 22.8 - 43.9 475 -
17 48.4 - 4.4 43.4
18 52.¢ - 4.5 45.9
19 - - - 4.5

20 49.8 - 45.0 47.3

Yean £6.45 - 25.46 48.55

Std. Dev. 8.6 - 2.17 3.59

*Elizinated froa Hean and Standard Deviation caiculations.

run on the non-sequential units to be discussed belox, some of
the delay detonators had broken through the bottom of the slider.
For the units run in the segquential test the bottozs of the
delay detonator cavities had bean thickened and ro breakthroughs
occurred thus ccrrecting this problea.

The results fer the non-sequential tests are shoxn in
Tables 4.10 through £.13. Froa these results it can be seen
that nc degradation occurred due to 7 foot drop or transportation

vibration. For the jolt test as meationed above, the delay
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Sequential Test - Transportaticn ¥ibration - Chart 2
Turns-to-arm

Eafore Vibration After Yibration

- - 4.9 85.1
L ‘ 42.3 38.1
- 39.7 5.4
; 4.3 83
- 43.5 2.6

Hezn 42.95 45.20
;0 Std. Dev. 2.06 L1

A L

TABLE 4.7

Sequertial Test - 7 Foot Drop - Chart 2 .
:* Turns-to-ara

‘ Before Yibraticon After Drop

; 43.6 a2.1

: . 42.2 §3.2

43.0 45.2

1 434 57.2

Fean 43.82 43.78

: Std. Eev. 1.3 - 2.8 .
>

; )

3 T 53




TABLE 4.8
Sequential Tast - Jucdle - Chart 2
Tqrns-tc—am

Before Vibration After Ju=ble

7.2 tood chips punctured foils.
43,6 All units less than 1 turn-to-ara.,
437
47.3
451
¥e2n £5.78
Std. Dev. 1.356

TABLE 4.5 -
Sequential Test - Jolt - Chart 2
Turns-to-arm

tefore Vibration After Jolt

487 Foils broken in ju=ble test.
46.2 All unit, less than 1 turn-to-arm.
4.5
7.7
4.5
Hean 45.54 . -
Std. Dev. 1.39

s
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detcratoers broke threugh the botton of the slider and into
the blast cavaty locking the slider so that arzing could not
ozcur. This was corrected for the seguential tests as
centicned above. In the case of the jucble test the three
lead cup holes in the bottom of the fuze were sealed with

a piece of adresive backed alminuz foil. This prevented
wood chips from the jusble box froo getting into the inside
of the fuze and thus nore of the foils were punctured by
wood chios. One unit, hosever, did partially am due to the
centrifugal locks coming cut and percitting the slider to move
sufficiently for the foil to break and soze of this fluid to
leak out and partial arcing occurred. lore of these tests
were run with the SHEARFL(D setback pin assebled. If this
pin had besn ircluded it would nacessitate disasse:blin;_.- the
unit, recoving the SHEARFLCD pin and reassexblinc it crior.
10 spin testing. Had the SHZARFLCD pin S2en in place this
single unit probzbly wouid not have partially ammed during
the ju=ble test.

To sum-arize, 2 fex creblaxs arcse during the HIL-SID
tests. Kowever, in each case it appears the sredlex can be
easily corrected.

This ceopletes the analysis o the 73 S & A devices
2ccording to test pian of Chart 2. Twenty units were sent to
121 to be fired for different curs as per the !B testplan.

33
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TASLE 4.10
7 Foot Drcp Test - Chart 2

Turns-to-am
Before Sron After Drop
£7.7 £5.6
44.5 4.5
55 2.9
2.0 45.1
¥ean 45.40 48.98
Std. Dev. 1.62 8.35
TABLE 4.11

Jolt Test - Chart 2
Turns-to-ara

Before Jolt After Jolt

41.7 *
41.3 42.8
2.2 *
s2.1 *
34.0 =
¥ean §2.3
Std. Dev. 1.0% -

*Telay detonaters broke throuch slider botten jaring slider.
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Joh?z T2 ¢ - Lhart 2
Turns-to-ara

Before Jurble  After Juzhle

8.7 Unit partizlly arced during juzble
46.2 43.2
48.1 4.6
45.0 41.5
6.3 81
Mean 47.05 42.35
Std. Dev. 1.25 .925

TASLE 4.12
Transportation Vibration Test - Thart 2
Turns-to-2ra
Refore Vibraticn After ¥ibration
42.7 41.2
42.0 42.3
45.%

23,

(4]

)

5. £0.9

o o

45. 12.¢

Hearn 43.02 42.5%
Std. Dev. 1.65 1.79
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. Prelizinary to the firing of the 20 fuzes, nine S3 A
units were fired for backgreznd inforzation. For the §irst
firing three S § A units were used withcut the SHZASFLOD
setback pir. All thres arzad. For the secced firing the
sethack pin was providzd but without the compeund between
the pin and its cvlinder. Once ag2in, all three S A
units armed and were lccked in the in-line positicn by the
setback pin. for the taird firing the compornd was used on
the setback pin anc once 252in 211 three S 3 A units arzed
with the SHIARSICI pin providing in-lire locking.

The results of the 20 units delivered to Harry Diasond
Laborateriss and fired at Aberdeen Proving Ground are
presented in Table £.14 Fiftesn boosters arzed, tx0 were
lost, one did noct arm and the remainiag two were considered
3 "noc test". The cne vhich did rnot arc was due to deforzation
of the shouldar at the bottom of the delay delcnator holes
which prevented siider soticn. Upcn inspecticn the thicknass
of the sheulder on this unit was found to be beitw tolerance.
The tx0 "ro fest™ units nad at ieast partizily arcad since
the SI02 foil was punctured. In hoth cases it is believed
that full arming occorred and that the impzct joit drove the
slider to the cut-of-lige position. Since this could nct

b2 verified they shovld be elininated from the tast results.

3¢
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Data Firad: lovo-tar 8, 1671

Caliber LPH: 195 mm.

Rd Xo. Pressur2 PS1  Sathack  Velecity Spin Cepth Angle S3A
Chasbar  Sase “g" FPS R in. ¢2q.  Condition

I 34,533 33,70 13,318 1,577 15,254 S5 0 A
2 35,500 33,730 14,351 1,579 15,232 132 5 A
3 33,300 13,321 1,582 15,282 74 f, h
4 35,650 12,227 1,580 15,283 138 J A
5 35,700 14,83 1,579 15,232 118 b -1
Caliker ¥2}: 153 ox,
3 8,893 6,732 2,093 833 3,108 €0 E A
2 6,320 6,2 1,333 Lost Lost 60 10 A
3 6,350 6,238 1,635 686 3,118 124 e 13
4 7,680 5,630 2,155 €53 3,129 43 43 A
5 6,600 6,330 2,031 €57 3,130 72 20 A
Date Fired: ilovester 11, 157F
Caliber ¥¥i: 175 ==,
1 48,200 42,271 10,395 2,833 15,050 3 5 Floasted &
2 26,593 43,228 11,233 2,825 15.62% 23 85 - A
3 23,200 <2,¢71 19,737 2,823 15,072 2% 3 - 13
4 50,850 <£2,332 11,315 2,285 15,024 42 a5 - A
5 53,400 £2,2090 11,183 2,817 1%,72¢ 3D 85 - Ars

Calibar ¥7%: S inch

1 2,283 £33 2,910  Lleost Lost
2 2,121 810 2,815 1ost Lost
3 2,158 £a3 2,832 132 0 Ara
4 2,155 2174 2,£85 132 G Ars
5 2,131 804 2,822 1) 30 Ars

Angle = cegrees frox vertical.
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4.9 SHIARTLOD Setback Pin Test Results

Several tests were acdditicnally run to test the SHEARFLOD
setback pin by itself. The test fixtures used were }125£1
booster bodies bored out to accept an aluzinus insert which
held six SHIARFI0D tice delay pins. Thiee tvpes of sethack
pins were tes?ed in the first firing with diazeters of 1/15,
5764 and 3/32 inch respectively. The pins were steel and had
a diaretral clearance of .001 inches to .G915 inches. From
these tests the largest pin (3/22) proridad the necessary
sovezent when fired in the 75 . gun (high g test) but did
not sove sufficiently in the 4.2 inch mortar (1330 g's iew
g test). The sraller dizceter pins did not provide sufficient
travel in either gun.

New pins wzre rade with diazeters of .0955 inches, .11l
inchas and .3i25 inchec having dizmetral clearance of .001 inches
to .0015 inckes. These were fired in 2 4.2 inch sorter with
ncne of thexm coving a sufficient distance. Drop tests were
run cn these Yarger diazster pins resulting in drop safety
being achieved froa 2 drop of 25 feat, however, zbove 25
feet the travel of the pin was ccca:-ior.el‘ly fa:'- enoush so as
to no longer blocck the slidar and 2t 3D feat the setback pin
rovad tha racessary distance in every case. All of these
resulls ware cbiainzd vsing an 21 &3, coriar sheil as th2 drop

test davica. all fests were run with the shell in 2 verticai

of
it
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position giving the maxirm izmptlse to the setback pin.

‘ The clearance was increased to .0G5 inches and four
different size pins were used, all of »hich roved the re-
quired distance. The pins tested were .093 inches. .0555
inchas, .111 inches, and .i25 inches. These saze units were drop
tested Troz a distance of 20 feet and in no case did the pin
cove a sufficient distance to perzit motion of the slider.
Yith the exception of the .12% inch pin 211 ~f the pins coved
between .025 and .030 inches at a drep height cf 20 feat, which
results in a locking engagexent of froa .025 to .030 inches.
The .125 inch diaceter coved scmeshat further. Yhen drop
testing the SEZARTLOD setback pin the bias and return spring
is left cut to perait smeasurezent of the actual cotion of the
pin. This spring would reduce tha travel of the setback pin
in 2n actual case. The springs are included in the test
firing of the eatire S & A device.

The SHEARFLGD setback pin is thus czpadble of experieacing

at least 2 20 foot drop height without releasing the slider
which is 2 significant icprovezent over the eguivalent spring

zass setdback syslen.

5. Discussion
The sudject centract w2s to explore the pessibilities of the

SZ0D davice in an artillery S 3 A, A great de2i has besn




learned etout this device when used in an artillery envircnment
frc;z this ccatract. Several itexs have since been proves
feasibie using tha SZCD in other muniticns. Xith the cozdined
experience of these pregrans pius the continuing in-house
researcn and cevelopaant efforts that have been going on at
the Breed Corporation a great deal of confidence has now been
gaired in the vse of the SICD in ordnance itess. Although
scme pretless wera encoumtarad in this first fessibility
study on the SZC2 applied io the H125 booster, no sericus
proble=s appeared and the groblecs that did arise appear to
have been solved. The puncturing of the foil seal by the
wood chips, for exacple, resulited because the le2ds were not
assezbled into the S § A unit resulting in three large holes
through which centamination could enter. Once these holes
were closed rnone of the foil seals punctured froz tais cavse.
The cne which did puncture was cue to the fact that the two
spin locks somentarily relaased the slider which was then
free to cove since the setback pia had rot been installed

in thase vnits. Since the setback pin will safe the wnit for
up to 2 20 foot drop cnto 2 steal plate, it is unlikely that
tre cetdazk pin werld Se re:o'._'sd as a detent during 2 jr>le

test. Tf2 seven foot drop, jolt and wvibraticn tests were all




T o o AT Lo YT Yy -
e DAY LTI R et e % e iien 1 - -~

and jamaing the slider. Uhen this sectiocn was thickened,
no such prodlen occurred.
Suring this contract improvezents were rade in the desiga

frem the menufacturanility standpoint which should reduce the

wanufacturing costs. In producticn the item is expected to
be less expensiva than the now standard Ri25. 1In acdition,
the size of the unit has been recuced belcu the standard #1235
to persmit its us2 in a larger veriety of projectiles.

The reliability of this S & A should be betler than the
standard #125 duz to the three separate explosive trains which
are present. This, it is believed, will result in the extrezely
Tow dud rate desired for artiliery acunition.

Perhaps tha sost significant advantaga of this system
Ties in coliateral savings by sicnificantly reducing the
co=plexity needed in the wain artillery fuze. This reduction
in cozplexity further should isprove the relizbility of the

entire projectiie.

6. PRecormendations for ruture ¥ork

Althouch it is sticngly felt that the S & A that was the
product of this centract coulg! b2 quickly readied for productien
with the cost savings and reliabiiity improvezents discussed
2bov2, {t is neverthaless felt that additicnal work couvid e

dene to izprove the dasicn in the safety area.
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. The three places where it is felt that icprovesents froa
tae safety standpoint could be 2ccozplished are in the foil
seal, the centrifugal weights and the setback system. Out
of work concducted concurrently with this contract caze a new
concept in fuzing called, "Total lzmersion Fuzing”. As
dpplied to this prchlen this would involve elimirating the
foil seal on the SE0D and filling the entire S & A cechanisz
with the appropriate fluid, then sealing the entire cecharisc
with 2 ceasiderably stronger herzetic seal. All parts within
the fuze would ncx be iczarsed totally in fluid. The setback
systes for exa:ple instead of being a SHEARFLOD would now
beccme a SECD type device. A SBERRFLOD will selectively respond
to high acceleration pulses due to the psevdoplasticity of the
cc=pounds used. In other words, for the saze energy pulse a2
SHERRFLOD will cove further urnder a high average acceleraticn
than it will under a Yox acceleraticu. A SEGD, on the other
hard, selectively attenuates hich acceleration pulsas respending
relatively sora 10 low g pulses than to high g pulses. This
is due to the fact that the SEGD responds to the squars root
of the appiied force wiereas the SH¥EARTLGD responds to the
force raised to soce power grazter than 1. The net effect of
this is that 2 SZC3 could be dasicnad not to respond to forty
foot or even sicnificantly highar drops, thus rendering tha

fuze considaradly sore drop safe.

&4
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The spin locks or the siider also would Secoze SECDs ~
with short del2ys and thus will not respond o the type of
jolt environzent which caused the twe pins to release the
slider in the jolt test descrited above, thus, 29zin resdering
the iten considerably safer.

By sealing the entire S & A device as opposed to just
sealing the SZ0D, the S 1 A can nca be rendered resettabdle
so that if for any possible reascs ar=ing is initiated, then
stopped, the unit wiil reset itself to its initial state.

Finally, the irmersion of all carts of the S & A device
in 2 d2cping fluid greatly recduces the effects of rough
handling or vibrations rendering the fuze far core resistant
to these types of environrents. Similarly, the imrerSicn of
all parts in this fluid followed by hercetically sealing the
S & A renders the itex insensitive to storage under adverse
envircnments and even permits storage under water. In 2ddition,
by the use of tot2l immarsion techniques, 2 techanism can be
included within the S & A device whirh checks for the presence
of fluid and renders the =mition f2il safe if fluid is not
present.

8y virtus of the safety gnd other advantaces that total
iersion fuzing has to offer, it is therefore strongly
recor=andad that in 2ddition 6 carrying femeard the S 3 A

device as decigned in this contract, that an afdition2l effort
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ke started to adept the adventages.of total imwersion fuzing

to an S & R device to replice the stardard ¥i125.
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Appendix 3 - Tetative Specificazicns and Purchage Dascripticn
1. Scoge.
1.1 This specification covers one type of safety and arning

davice for use with artillery ammnition.

2. #Applicable Docusents. {Not availadle at this tize.)

3.1 Sasples.

3.1.1 First Article Acoroval Sarole. (ot appliceble at this tire.)

3.1.2 Supoiesenral Samoles. (fiot applicable at this tize.)

3.1.3 €copariscn S:sole. (Mot applicabie at this tize.}

3.2 Ccnstructicn. The Gavice shall b2 constructed ir 2czordance
with the applicable drawings (Breed Corperation No. S08270).
3.2.1 Hstarials. Haterials shall be those specified by the
2ppli sudle drauings.

3.2.2 bDizeasicns 2ad Technical Notas.

3.2.2.1 Listed. Tirose dizensions and technical reguiresents
Tisted in the preiizinary ciassification of dafacts are zand.tory.
3.2.Z7.2 Unlisied. Thea contrecicr w3y propese changss to

characteristics shom cn the draxincs but not listed in the

©

lessiTicatien of Dofects, for the purpcse of adapting the

iten to astablisted menufacturing praciices. Such prososals

- 2
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cust b2 accomsenied by evidence that the change dess not
affect the dasign and that 211 regquirerents will ba cet. If

the Govarrmen? cenfirss the contention of the contractor, the

Nram T 1o he s s GRS IYIYY ¢

change will be approved fer the duration of the contrect. In
case of dispute, the characteristics of the drawings shall
apply. Fppreval of 2 change under provisions of this para-
grapgh does not relieve the contractor frem establishing and

mainta2iring 2z

(1

dequate quality assurance prograz as elsexhare
reguired. Provisions of this paragraph skall not b used to
obtain apprev2l for use of discrepant =aterial {i.e. produced
before approvai is obtaired); or for design changes, which
should be reguired in accordance with change provisicns of the
contract cocument.

3.2.2.3 Interchenceabiiitv. The contracter xill rot assvze,
nor coes the Governzenl cuvarantee that 211 possible cezhiraticas
of tolerarnce germitted by the drewings and specifizaticns will
cornsistently satisfy the test reguirecents without the possibility
of selective assecbly. Therefore, the manufecturer §s oblicated
2o chosse those cosbinaticns of tolerznces 2nd Tils within the
licits of the spacificacions and drawings that tast suit kis
process reeds 2nd still satisfy the test reguiraments.

3.3 Perfscrmence racuiretents. 1he periormence requiresonts

contzined herein ara pendalory.
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3.3.1 GCperatinc recuirsrents.

3.3.1.1 ‘on-arnina. The davice shail not arn if spun 2

1009 rpa for 10 secends at any tespersture from -65%F o

160°F with the safaty setback pin rexoved.

3.3.1.1.1 Tne setback pin shall not ar= xhen 2ssecbled into

an 81 ex. oortar shell and crcpped froz 20 feet onto 2 steel

plate at all tecperatures frea -65%F to 169°F.

3.3.1.2 ZArzire. Tke devite skaii aro between 35 to 22 tums

when operated at any terperatute from -559F to 155%F and at

eny spin rate from 2,000 rp= to 30,000 rpx= with the safety
thack pin present and recoved.

3.3.1.2.1 The satback pin sh2il permit arxing of the slider

when assexdled into 2 175 o=, artiliery shell and dropped

frea 100 faot onty 2 steel plate at all tezperaturss from

-65%F to 160°F. -

3.3.1.3 E2llistic functicnirs.

3.3.1.3.3 First article aworcwal sarola.  The device shali

function on icpact with a durmy fuze warkoad wfen fired froa
2 4.2 inch mortar uith € inZrerents.
3.3.31.3.2 Lot acceatarce. Rot aprliceble at this tize.

3.3.2 on-oporating recuirecents. Yot appiiceble at this tize.

3.3.3 ZInvircorertal racuire-ents.

3.3.3.1 Horeetic seal. Thare shall te no escepe of gas or

evidonra of firid lezkace when fhe davice is initially nzated
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to 175%, then while kot rlaced in a helita or nitrogen coacser
for 2 minizim of 30 wminutes at a minicua of 30 1bs/sg.in. gace
prassure then israrsed in a wzter bath at 175% =10° for €0
seconds. The fluid used shall be colcred for this test.

3.3.3.2 Transoortaticn vidration. The device shall zeet the

requirenents specified in 3.3.1 follcwing sthiecticn to the
transportaticn vibraticn tests of RIL-SiD 331 Test 1G2.

3.2.3.3 Jolt. The device sh2ll e safe to dispose of after
beirg stbjected to MIL-STD 331 Test 1G1.

3.3.3.4 Jusdle. The davice shali be safe to dispose of after
being svhiected to MIL-STD 331 Test 102.

3.3.3.5 Forty foot dron. The device shall be safe to dispsse
of after being subjected tc HIL-5iD 331 Test 103.

3.3.3.6 Five foot dron. The davica 3hall cget the requiresents
of paragragh 3.3.1 after teing sunjected to HIL-STD-321 Test 1ll.

3.3.4 Reliebility resuirscents. (ot applicabie at this tice.

3.4 Vorkmaship. All ports shall be manufactured and finished
in 2 thorcushly worksaniike saaner to insure satisfaclory
functicning and duradility (Ssa MIL-A25%0, Conditicn o = terials,
Parts and Assezblies).

3.%.% Otker spocial resgireceats: MNot epplicadle at this tira.

&. Qu2iity ~ssurance Provisicas.

4.1 Resgomsidbility for insposties. Unless ctherdise specified

in the comtract or purchase cordar, the supplier is responsidie

[ -
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for the poricrtance cf 2ll inspection reguirezents as specified
hez:ein. Except as otharwise spacified in the contract or
ordar, the svpplier cmay use his oxm or any other facilities
suitable for the perforrance of the inspecticn requirerents
specified herein, uniess disapprovad by the Governsent. The

Governzent reserves the right to periors any of the inspections

set forth in the specif cn xhere such inspections are deesad

necessary to assure supplies end services conforn to prescribeé
regquirezents.

4.1.1 Contractor gu2lity assurance svstem. The centracior

sh2ll provide and c2indain 2 quality assurance systex= in
coepliance with RIL-1-45208 2nd Appenaix A thereto.

4.2 Eovermcent wverificatica. All quaiity assurance operations

parforsed by the centracter will be subject to Eavernzent
verification in ccopliance with #IL-1-35202 and Appendix A
thereto.

4.3 First ariicle aporoval sasple. Kot 2ppiicadle at this tire.

4.5 Acceptarce inscectica. Inspaction sha2ll be specified in
HIL-A-Z550 and in this document.

5.4.1 lot forzaticn. Not applicable at this tice.

£.64.2 S2toling, ot 2ppliczble at this tize.

.43 Lct Accepiance. et applicadble a2t this time.

£.4.4 D2ta facording. SNot 2pplicable at this tirs.

2.3.5 Liagsification of Dafacts. (Prelivirary)




R O Lt i e Rl o N A G S P i S e i e N RS al e Ay e gt

o mere e e e e ——

The asseshiy skall be iaspacied by using tha Classification of
Cefacts and appropriate drawing.

4.4.5.1 Artillery S & A Sooster nssechiy (Crewing No. S02970).

tegorias Dafects ¥athod of Inspecticn
Critical AR
1 Tizer pin missing .015 Yisuval
Hajor
101 Slicer datent pin
rissing 0.55 Yisual
102 Distance frea top
of artillery
adapter o cover 0.85 Gage
dinor
201 tead cup assezdly
crispsd 1.5 Visual -

&§.8.5.2 ZArtillery Adaoter (Drawing Lo. 528833).

Catecories gefects ¥sthod of Inspection
Criticel AGL
fajor
10 Depth of cavity
.595 +.035 .63 Gage
12 Szalt cavity width
655 +.033 .65 Eage
103 ¥idth of cavity
large 933 +.055 .63 Sage
dinor
231 QOvarali length
1,492 -.533 1.3 Gaga
-7




Depth of sict
203 +.093

apth of ugger
cavity .61 +.005

Counterbore

Width of greove
-155 +.003

Scz21l thread
Large thread

Surfaca finish in
cavity

1.5
1.5

[ [
. .
w

"
n in

15

4.4.5.3 Lead cup 2ssexdly (Drewing No.

502601).

Bags

Gage
€age

Gage
Gage
Gage

Visual

Catgfx:ries Dafocts
Critical AQL
Hinor
201 Diazeter of cup
assecdly 1.5
202 tength of cup
assexdiy 1.5
$.4.5.4 Ll22d cuo {Drauing No. 308335).
Catecories Befects
Criticai AOL
Hinor
2 Q. D. of cup 1.5
232 Length of cuo
S$H =035 1.5
i-8
P o o .

¥othod of Irsrecticn

Gage

Sage

tetiod of inscection
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203 1.D. of cup 1.5 Gage
§.4.5.5 Pin ticer (Drawing lo. 553127).
Categories Dafects Yothod of inspection

Critical AGL

Hajor

101 Thickness of

flat .035 =2x. .85 €age
102 tength of pin
.328 -.035 .85 Gage
Ninor
ﬁl Pin szall diameter

.078 -.005 1.5 Gage

§.5.5.6 Cover (Drawing No. 593022).

Catecories Lefects ¥ethod of Inspection

Critical AQL

Hajor

101 Depth of greove

059 002 .35 Gage

102 Depth of groove

.083% -.005 .65 Gaga

Kinor

201 ¥ajor diamster

1.620 -.010 1.5 Gage
202 Positica of roies

1,160 2,002 1.5 Bage
203 Ridth of firing

pia goint

013 -.097 1.5 €age

I-9




244 Length cf firing
- pin .003 -.CG0S 1.5 Gage
205 Location of hole

.242 =.003 1.5 Gage

4.4.5.7 Slider datent nin (Drawina ¥o. 5G3095).

Catecories Defects ¥ethod of Inspecticn
Critical AR
Haier
10 Length of pin
.295 -.003 .65 Bage
Kiror
201 Diazeter of pin
156 -.002 i.5 Gage

4.4.5.8 Slider datent pin spring (Drawing ¥o. 508033).

Catecories Defects Method of Inspection

critical AL

¥ajor
161 toad at .185 .65 Spring tester
Kinor
20 Dizzeter 1.5 Bage
4.4.5.9 Siider woicht assesdlv (Brawing $o. 508359).

Catecories Defects Pethed of Inspecticn

Critical AGL

201 Datonator staking 1.5 visu2l

202 SECO assaliy
staking 1.3 Yisual

- 10
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4.3.5.10 Slider weicht {Drawing Mo. 508392).

Catecories Defects Hetnod of Inspection

Critical AOL

ajor
= 101 Thickness .336 -.90% .65 Gage
102 Width .950 -.C0% .65 6age
Kinor

201 Hole diaxeter
.378 +.006 1.5 Gage

202 Location of
datonator
holes .734 2.003 1.5 Gage

203 Location of
SHEAFLCD hole
330 =,003 1.5 Gag2

20% Diz=eter of deley
detonator nole
and counterbore 1.3 Gace

205 0.0. delay <aton-
ator cavity
.127 R £.633 1.5 Gage

205 Datonztor hole
.128 +.023 and
coenterbors 1.5 6age

207 Depth of setback
pin %ole .310
+.095 15 Gace

208 ickness 0F
datonator hole

flanges 916 ~.0283 1.5 6202

292 Thicknass of

siider w2ight
L85 -.805 1.5 Gace

1- 11
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4.4.5.11 Hodifisd Xi-75-T3 50 millisecond delay

detonazor (Drawing 50, 509304).
Catecories Detects ¥ethod of Inspection

Critical AQL

¥ajor
Miror
201 0.D. 1.5 Gage
. 262 Length 1.5 . Gage
4.4.5.12 ¥-55 Stzb detonator {Drawing No. 508244).

Categories Defects Fethod of Inspection
Critical AGL
¥ajor

Hinor

201 Outside diaceter 1.5 Gage
4.4.5.13 Slicer Lead Cup 2nd ROX (Brawing No. 502103).

Cateceriss Defects Vethod of Imspection
Hinor AQL
201 Length 1.5 Gage

4.4.5.13 SHERIFLCD ciston {Drawinc Ho. S08593).

Categoriss Bafocts ¥ethod of Inspecticn
N Criticai AL
101 Jiazetzr G52 -.005 1.5 Gage
253 Surfaze finish
32 r=s 1.5 Visual




202 Haximus overall
length 1.5 Gace

§.4.5.15 SHEABFiOD cylinder (Drawinag ¥o. 509101).

Catecories Defects Kethod of Inspection
Critical Agt
Kajer
101 1.D. .65 Gage
102 Qutside diazeter i.5 - Gage
Hinor
20 Surface finish
2 s 1.5 Visual
_ 202 Ltength 1.5 Gage

4.5.5.16 SFEARFLOD retaining washer (Drawing No. $22335).

Catecories Defects Nethod of Inscection

Critical AGL

Kajor

Hinor

201 Qutside dia=zater 1.5 Gage
&.4.5.17 SHEARFLOD soring {Drawina No. S03393).

Categories Defects Yethod of Inscecticn
tritical AGL

Hinor
201 Load at .100 1.3 Spring testar

202 Biarater 1.5 Gac2

i-13
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4.4.5.18 SECD assecdlv (Brewing No. 5C0102).

Catecories Defects

Critical
#dajor

Hinor Overall lencth

Heothod of Inscection

AL

1.5 €age

4.4.5.19 SZICD oiston assexdly {Brawina Mo. 502129).

tecories Pefects

Critical
Hajor
i01
4£.4.5.20

Stake

SICD piston (Drauiang Jo.

Kethod of Inspectiorn

Categories Defects

Critical
¥aior

—_——

101 0. D. .2595 =.001
Minor
201
202

4.4.5.21 feil

1.D. .126 +.002
tength .395 -.CO3

orifice {Draxing No

Catagorias Defects

Critical
Hingr
201
202

azater

Crifice di

Diarater

{15

AR
.65 ¥isual
500325).
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j .5 TJest condizions 2ad equiscent. g
.E 4.5.1 Test conditicrs. tnless othensise specified, all mwasurezents E
; are to b2 mada at norcal a=bient roca condicicns of temperaturs, rel- g
j ative hidity and altitude. The foilowing table of tolerances shall :2
,j be applied where epplicable to specified test conditions unless %
j otherwise ¢zfinzd in the test procedures: g
x a. Tesperature test chacder 25% ,f
; b. PRelative =idity 5% ;
<. VYibraticn 2mplitude =10% 1
d. Shock =10%
e. Speed 212
f. Tize £ H

4.5.2 Inspection ecuipzent. Inspection eguipcent shali be in

accordance with the decicn ievel shoin by the applicable EL ang of

N sufficient accuresy and quality to permit perfommarnce of the re-

LT LD RIS M AN YNty Ch 9 AN ORI AR 20

quired inspectica. Gage end instrizent setting shall be a fencticn

? of the equiprent, and independant of the ozerator. Equipment shali
e: . be marked to indicate the 1izit of 2cceptance for each test, bot
;: shail not be so marked 2s to reveal _clas;ified security inforzaticn.
., Test procedures and calibraticn proceduras shall confora to AIL-I-23203
K and dgpendix & therato.
s 4.6 Test orocedpres. Eot appiicadie at this tize.
N - -

PRy L oS HE e iy 3 S B e N e <t b et e g
DA i = T RS A N e I T P T




o
YU
weanite

.
gunteaes

A IERR ARV A

FAp e W,

S

F D

il

At

e AL

e
SRl (MO

ey
i
4

Poltiteky

1

AR

-~
»

.
L

Eoan;

Feoby 3 ORI e et

LRy
oy AP

DI

S o AT ST ko 2 ~ e P T O

5. Jresaration for delivery. Nect appiicable at this tice.

6. Notes.

6.1 The foregoing purchase dascripticn is necessarily liaited
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RPPEIDIX 2

FAILURE KCCE AND EFFECTS ARALYSIS -

2.1 Introducticn. The following safety failure mode ard

- Ef%’écas‘aéalysii'i; zeurased according t@-;‘:‘:-;gr;;-:.‘: 5.3.2
of Mit-STD-332. “This amzlysis is a systematic consideration
of the.=ffecis-on fze safely of such thisgs és;gi_ssja sf

e hrne

vy

parts, brezking of parts, mslfuncticn of parts, Dut of order

f

seguence, WnSpection procedires and pavsonnel errors.” ihis
is a "ore at a tize"™ failvre zralysis 2né does zot consider

the effects of failure of nore than one cooponent at a tise.
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APPENDIX 3
SAFETY STATEMENT

The artillery S & A booster assembly depicted in
Breed Corporation Drawing No. 508970 incorporates the

following safety features:

(1) SEOD constant turns to arm arming delay,
(2) two spin actuated slider detent lock pins, and,

(3) one setback integrating SHEARFLOD slider detent

lock.

The only hazardous situations: omission of one of
the critical parts or loss of SEOD fluid. |

The only precautions that need be taken are to check
visually through the cover to see that the slider is in the
out-of-line position while assembling units and to check

for presence of 0il leakage onto exterior parts.
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A POINT DETORATING ARTILLERY FUZE
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A POINT DETOHATING ARTILLERY FUZE
SECTION 1
SUZ4ARY

The Breed Corporation proposes to evajuate a point detenating artiliery
fuze costing one-half the current standard {1557 fuze and which alsoc contains
an ispact backup, self-destruct system that virtually assures elimination of
artillery duds.

A gearless safety and arming device is used incorporating a SEOD dash-
pot for a constant distance aming and a SHEARFLOD dashpot for sensing set-
back acceleration. This safety and arzing device was evaluated under
Contract 0ARG39-71-C-G00) with Harry Diasond Laboratories which resulted
from an unsdlicited porposal subzitted by the Breed Corporaticn to the
Arcy Nateriel Cosmand tc apply Breed Corporaticn dashpots to the problen
of artillery dud elimination.

Three addition2l artillery fuze designs having special Jeatures but -
incorporating the sare safety and arming device are 3lso presented. The
first consists of a wmating of the density integrating artillery fuze nose
recently successfully tested by the Army to the dashpot safety and arming
davice. The second is a similar matching of a void sensing cachenisn
recently produced by the Breed Corporation 2gain with the dashpot safety
and arming cdevice. The third consists of a spacial ultra-graze sensitivity
wechanism 2lsc mated to the dashpot safety and arwming device.

A teo phase progrea is presanied. Phase One consists of a three ronth
effort for Casign finalization, limited HIL-STD testing and fabricaticn of

50 fyzes for proving ground testing. A set of drawings on Breed Corperation

D L L T i
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’ format wili be provided.at the conclusion of this phase for each design
. evaluated. ‘ :

Phase Two is an-in-depth evaluation and consists of extensive HIL-STD
.- te.ting and fabrication, of 2,000 fuzes. Fnase Two requires 2n additionai

four sonths.
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SECTION 2
TATRODUCTION
Breed Corporation propcses to evaluate an Artillery Point
Petonating Fuze tc replace the 1557 wvhich achieves:
° % cost reductien
°  PRedundant self-destruct

Geariess safecy and aming scvice

Lower cost is achieved by incorporating 3i® fuze functions in the
safety ad arming davice including the arming delay, delayed detonation
after izvact and self-destruct, thus enabling swstantial simplification
of the front end or M48 portion of the 4237,

Fedundant self-destruct is providad by bringirg into alignment upon
arwing, two delay detonators which upon icpact, iscinge upca statiorary
firirg pins initieting fifiy millisecond delayed round detonation.

The gearless safety and aming davice utiiizes a 3E0C dashpot to

ach‘eve the arning é2lay. This 35 & & was successfully evaluated under

Contract No. DAA533-71-C-000%.
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SECTISN 3
SACKGROUTD

Sizilar to borbs, rockets, and mortars, zost artillery fuzing can

be divided into tne manner by which the round is <etonated, i.e. zroxwmity,

tie2 or izoact. As bott proxizity and time fuzing typicaliy cost 5 %o 19

times imact fuzing, it is estinated that 95% of all becd, rocket, sortar

and artillery fuzing z2.cducad is of the impact type.

Even under the present Jlizate of raduced munition procurscent, there

are reputedly some 23 m1lion izsact or point detenating artillery fuzes

to be procured this ceoing fiscal rear at .n estirated cosi of S5 to S6

each. [Ihe esticated cost for the proposed fuze is less than three -iollars.

The $2 to $3 per fuze savings thus 2sounts 10 & %0 to & willion dollar

annual savings at current proturacent levels.

The Arsyy's standard point detonating fuze is the M557. Tais fuze

consists of a front, 145 portion containing & Sclectabie, superquick or

delay, detenation feature, and an 11125 arming del2y assesdly consisting of

2 centrifugally powered gear train clock mechanisa attached to the rear of

the P48,

Tre reliability record of the H357 is in excess of 992 on scre rounds

and seldon falls below 957, even cn o2 or o trowhlesome roumds. There

ez

have teen fex, if any, safeiv problass attributadle io the 1557, Any

significant irprovezment to the NS57 wouvid thus presumebly come first in the

area of cost savings 2nd sa2cend an irprovement in reliaZiiity or self-derirct

ang consegunt reduction of dud rounds.

in 1961, tne Sreed Corporalion cerrenced the Zeveicorent of 2 fanily

of dastpot timing devices suiladble for mest munition fuzing. Tne serbe-
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of this dashtpot family callsd SEQC (Sharo Edge Orifice Dashpot) was evolved
specifically for apolicaticn to the artrlliery arming delay. The basic
artillery SECD dashpot consists of a cylinder approximately 3/3" in diaseter
and 3/4° long, hermeticaliy sealed 2t eac end and filled with a less than
10 centistore viscosity fluid. Within the cylinder is a piston with a
300 wicroinch clearance betweer tie pision and cylinder walls. In the center
of the piston is contained an aporox =ate .CO2" diz2meter orifice 092" in
lengtn, For the piston to rove within the cylinder the fluid musst pass from
ore sice of the piston to the cther through this orifice. The piston is
biased toward one end of the cxlincer by a light coil spring. A .001% thick
aluminum foil mesbr-  seals ore end of the SEOD cylinder. Upon initiation
of the arming delay a probe pierces this merbrane and presses upon the giston.
As the pistan soves relative %o ¢he cylinder, a time delay is achieved.

The fluid floe through the piston orifice is almost wholly inertial
as the Reynolds nucber is cons:derably greater than one. As a consequence
viscous forces play an insignificant roie in detemining the rate of fluid
flow giving rise to 2 time delay xhicn is independent of fluid viscosity
and thus texrerature.

Due 1o the docinance of inertial fies, the tice delay varies inversely
as the square root of the appiied force. Both tecperature independence and
an arming delay varying inversely 2s tne square root of the applied forge
ave necessary s¢ achieve constant distance artillery ar=ing over the
requirad tesserature range.

The SI3D edapted to an artilisry safety and arming (S ¢ &) 2Zevic

[1,]

identical in size and function te the 122 lus containing 2n additicnal




self-destruct ‘eatire was presented to the Aray sevoral years ago. This
presentaticr resvitci 1n Contract Ro. DAAG39-71-C-GO0] with Hany. Diacond
Laboratorie,. Durinj perforrance upon this contract e originally
presented sel!f-dastiruct systea was set aside in favor of an impact backup
,ysten conceived by Harry Diazond Laboratories and reduced to a practical
design, tested and evaluated by Frankford Arsenal. This impact backup
systen consisted of a detonator containad in a holder which, in the
arsed conditicn, would =ove forwird approxie. - .1y 1/8° uwpon reund ispact
ayainst a light bias spring. This forward oreeent izpaled the detonatrr
on 2 firing pin, initiating the round.

The S & A design evolved and tested during the HIL contract comisted
of 2 ceatrifugaily alicred slider which upon mvirg tc *he arzed position
aligned three 2xplosive trains, 3 superquick dastonator oo the fuze axis and
two 50 millisecord deilay dotonators, one either side of the superguicx
detonator centaining the HDL ispact backup system. A STOD daskpot incorporated
in the slicder assured the desired arzing distance before dotonator aligntent.
The slider also contaired t<o centrifugal locks plus 2 drep safe, SHEARFLCD
dastpot, setback 2cceleration sensor.

1t was the successfully achieved object cf the HIX contractual effort,
for k2 S L A evolvad to be an exact replacement for the ¥125, at 2 lesser cost
and with the added feature of a redundant, 50 millisecond delay, self-destruct
systea. ised as an BI1J5 repiacecent, the center suv;.erauiét detonator picks up
the exziosive oulout from the MEB or gny standard elactronic or mechanical
tize fuze, initiating tre round. Should the 48, electronic or rachanical

time fuze f2il, the Gio 30 miliitecond colay, impact initiated, detonalors

—— " . » "y xR o oy i M o Tt




rove forward at izpact striking firing pins causing round detomati. .

Since the artillery fuze functions of arcing delay, delayed detonation
after imoact, and sel®-destruct backup are all contained in tre SE0D S 8 A,
# substantial siznlification of the 48 portion of the M557 is possible.
This sirplification with its attendent coct savings is the irimary subject
of this proposal.

in acdition to an axact functional eguivalent to the M557 other back-
groun’ work has teen used te provide three additioral “front end® sechanisos
*0 provide 3 comlete fasily of goiat detonating artillery fuzes utilizing
the dasic SEUD dashpot S & A.

In r:cent years the Arcy has success“ully tested a densily integrating
fuze noce which will penetrate without initiation, thickly foliaged targets
tonating only vzen striking the target or ground. In this proposai the

Army design has been adapted to the dashpot 3 & A.

The Breed Corporation during the last year has participated in work
to evolve 2 void sensing fuze as an alternate to celayed datonation. The
results of this vork have beer incorgorated 2s a wid sensing rodule xMich
has also been adapted to the dasic dashpot S ¢ AL

Finally, the 2reed {orporation has utilized its fluid techrology
capabilities to avolve an ulira-graze sensitive fuze where grezs initiation
at irpact angies of asproximieiy 12 is achievable. This front end moduie

has alsc been adastad to the basic dashpot S B AL
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SECTION &
ORGANIZATIOHAL EXPERIBNCE
Breed Corporation was foundsd in 1961 by its current president,
Allen Breed. Following attendance in Caiifornia !-stitute of
Technology and the University of I1linois, he received a B.S. degree
from fiorthmestern University in 1950. loining with RCA, he progressed
froe manager of marufacturing and design of the RCA electron tute manu-
facturing and desica of the £CA electron tule wmanufacturing plant in
Cincinnati, Ohio, to directer of engineering, Precisicn Products Division
of the Sruen Hatch Company. In 1957 he tegan the Ua,:ham Engineering
' Corporaticn which becase the RE[M Corporation of which he was president.
Much of this experience focused on the pradlems of applying various
methods of time cd2lay to military fuzes. In 1961 the Sreed Corporation
first estanlished the theory and basic computer prograxs that nade
possible the ordrance use of time deiay devices operating on the principles
of fluid d/naw'cc. The successful developaent of fluid timers has added
a new class of tizing mechanisa that can be useu with confidence by fuze
designers at a fraction of present fuze costs.
The initial theoretical and computer work was done by David S. 8reed, Fh.D.,
now @ vice president and director of research. He holds an A.3. degree froo
Carleton Lollege, a 3.5., and two ¥.S. degrees from Massachusetts Institute
of Tethnoingy and 2 PR.D. froz Colwdia University.
Ted Thuer, executive vice president and director of engineering, is

@ recognized expert in Both oroduct and atusmatic equipoent design and has
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evolved more than sixty fuze designs since icining the Bread Lorporation
in 1962. He is Kon:egian born and educated, receiving an engineering
degree in 1956 prior to coming to the United 3tatas.
fhe Breed Corporation’s permanent professional staff has been care-
fully selected from 2en of outstanding, recognized ability in the fields
of time measurecent and precision manufacture. All executive personnel
and key engineering and technical personnel hold secret security
clearances and the ®ain plant has a secret facility cleararnce.
Hodern research and productior facilities at a new plant in
Fairfield, liew Jersey, inciude:
° An acdvanced digital ccaputer for control of autcsated
fabrication, design analyses, quality insceclicr and
data acquisition;
. clean-rooe facilities filtered ts 9.5 micron partscie
resoval {class 100), aisuring dependabie product
performanie when tolerances are in the order of
s thientic of an inch;
* sodz: and toor shops for consiruction of experirmental cosponents
av4 tooling for precise, careful fabrication of prototvpes and
production Souusr.ci |

T Z-rzy, ceatvify,. 324 other specifically designed non-destruclive

inspection and analy:is equipment.




Explosive loading and storage facilities in accordance with

Department of Defense safety regulations and Nex Jersey state

Tam.

The remainder of our 22,000 square feet is occupied by our design,
laboratory and production equipment. The main plant is augmented by

explosive and sudb-trogical environmental test areas.




The objectives of the subject program are:

SECTION 5
PROGRAM OBJECTIVES

To provids a general purpose point detonating artiliery fuze
at one-half the cost of ihe current standard %557

To provide a redundant iepact backup, self-destrict feature
to virtually elirinate artillery duds

To provide a point detonating artillery fuza which does rot
relay upon the manufacturing facilities of the horological
industry

To provide three additicnal artillery poirt detonating fuzes
utilizing the sase S & A device for the cpecial target require-
aents of cancpy penetraticn, void sensing initiation for the
defeat of bunkers and extreme graze sensitivity for tank gun

arunition fuzing.




SECTION 6
TECHRICAL DISCUSSIG

6.1 Design Surmary

A family of four point detonating artillery fuses is herein described.
A1l four fuzes contzin the same basic SEOD dashpot safety and arming
device incorporating 2 redundant, 50 millisecond delay, self-destruct
systea which was evolved and successfully evaluated under Harry Diarond
Laborator<es Cfontract No. DAAG339-71-C-G0C1. This S 3 & (See photograph
page 13) contains a slider which is urged into the aligned position by
round spin and is delayed in attaining the armed position by a SEOD dash-
pot in such 2 manner as to result in approxieate constant distanc2 arming.

A d.op safe SHEARFLOD dashpot must sense setback before the arming
delay is permitted to commence. Two additioral centrifugal iocks cn the
slider are also providad. Three explosive trains are contained in the
slider - a superguick detonator on the fuze axis pius tvo delay detonators
configured in such a =enner that upsn round irpact they move forwnd
approxirately 1/8" striking firing pins. Thus, round detonation is assured
50 milliseconds after impact, contingent only upen the siider reaching
the arzed position. The supersuick detonator on the fuze axis can be
iaitiated either by a firing pin or an explcsive output froz the front end
portion of the fuze.

Breed drawing No. 595093 cepicts the SECD S & A sodule which has

beeo cated 0 ‘our separate point detonating artillery fuze designs in this
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proposal. Far detailed test results of this S & A performarce the orogress 3
and final reports of Contract DAAG3S-71-C-0001 (Harry Diamond iaboratories)

s

should be consulted. A Frenkford Arsznal Report XNo. #1958 coatains a

detailed evaluation of trne impact backup detonation imitiztion system.

€.2 MN557 Equivalent Plus Pedundant Self-destruct

By incorporating all fuze functions in the dashpot safety and 2rsing
device, the front end or ¥48 portion of the ¥557 need consist of nothing
more than a firing pin which strikes the center detonator in the S & A for

superquick functionirg and a means for preventing this action for delay

o

detonation. A suitable design is depicted in 3reed Drawing No. 509122.
Superquick or delayed detonation is achievad by a 90°% turn of 2 slotted
bushing in a ranner identicai to the !'357. Turning the bushing to the

superquick setting persits rcund spin to remove a2 pnysical barrier which

gt

othzrwise prevents rearward movecent of the firing pin. A delay setting
inhibits removal of this saze barrier thereby rreveasting the firing pin
from striking the Gotoaater upon iepact. The teo d2lay detonators con- E
tained in the S & % slider 2lwavs assure round initiation 50 milliseconds
after impact ¥ round detonation '.as not aiready sccurred.

Referring fo drxring ¥o. 509122, th2 basic siructura mecher of the

Ladue

fuze is a tuimed steel bods which contain, the threads for assemdiy to the
round. The dashoot S 5 A mechanism is inserted into the rear of the body

foliowed by the tooster which is either staked or screwed onts the body.

b

forzara of the S 3 A mechanisz is a neavy portion of the body which serves




to provide maximsa protection to the S & A at impact when set for delay.
A sheetmet2?) ogive containing a low dansity plastic filler is secured to
the front of the bedy in Such a manner as to give maximm graze sensi-
tivity. Rearsard moverent of this ogive at .moact forcus the firing pin
into th» aiigned S & A superquick dectonator initiating the round. Nhen
set for delay the interruptor acts as a physical barrier to the rrervard
coverent of the firing pin. As aiways, hodever, the two delay Getonators
move forward at icpact striking their respective firing pins and thus

initiating the round 3¢ =illiseconds after iepact.

6.3 Artillery Foint Detonating Fuze with Density Integrating lose

Drazing Yo. 509133 depicts a point cetonating artillery fuze comtairing
a density integrating nose. A similar ncse desige has recentiy been regortec
to have enabled the firing of artillery throuzh jurale vcanopy with round
detonation not occurring until ground impact. The fuze constructien selected
in this case invoives a one piece body caive design to provide 2 switeble
support for the density integrating nose. A superquick or delay setting has
been provided siciler to the #557. in this instance & d2lay settirg imhibits
the rescval of the interrupter with round spin, thereby blocy the o’ out
froo the detonator contained in the density integrating nose from reaching
the centar detonator in the S 3 A, The round is cemsequently detonated Sy
the w0, 50 millisacend delay, deteonators ieving fonvard against tneir
respective firing nins 2t round irpact.

S suoercuich cetting permits the interruster to rove radially cutward

urdzr round spin theroby enabling the cutput of the ndse detonator to




initiate the S & A superquick detonator wpon ground impact.

6.4 A Void Sensing Point Detonating Artiller; Fuze with a Superguick Option

Drasing Ko. S03141 depicts a fuze »hich is settable frow the front
end “or either superquick or void sensing detonation. ¥ith either setting
the backup delay detonators in the S & A will cause round fnitiation 59
williseconds aftec initial iepact if iritiation has not already occurred.

When set for void sensing d~.ccnation, the firing pin mass mowves
forward cozpressing the firing pin spring upon round igpact permitring the
lock wire o sprin, outward intu the unlock positicn. The firing pin mass
ané Yiring pin remain in this forward position until round deceleraticn ceases
wherewpon the firing pin spring p-opels both the firing pin and firing pin
mss into the center, superquick detounator contained in the S & A. Round
detonation thus occurs eitrer .hen the rovnd cowes te rest or when the
projectile enters ar intericr void after passing thrcugh a barrier, e. g. @
bucker. When set for vo°d initiation the keying arrangesent between the
setting dushing and firing pin permits both rearward covexent of the nose
portion of the fuze and forward moverent of the firing pin at impact without
interference.

then set for suwwerquick {unctiorning, the keying arrangement between the
firing pir and setting busking causes the firina pin to be pushed directly
into the 5 & A center datonator as the nose portion of the fuze is moved
vearvard upon target ispact. To rinimize inertial forces restricting this
rearsard firing pin moverant, the firing pin dreaks free of the firing pin

mass through rupturing of the firirg pin to firing pin nmass staking. This
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ccsplete void sensing system has been successfully evaluated on the 2.75"

rocket sunition.

6.5 A Foint Detcrating Ultra-graze Sensitive Fuze

Drauing Ho. 509157 depicts a point detonating artillery fure settadle
for either superquick or dlay detonation and containing in addition an

ultra-graze sensitive sealed rodule which operates wtan the fuze is set

for suoerquick. The seaied zoduie is a cylinder zpproxizateily 3/4° in

diameter and 15" lono which is completely filled witt a thip liguid. Con-

tained with the completely filled sealed cylinder is a firing pin and an

inartial mass which upor any desired deceleration wiil move forward re-

leasing the firing pin to be propeiled through a thin foil seal into the
S & A center detonator. The irertici mass is supported within a cylinder

on 2 special bearing pad arrargezent such that the coefficient of frictica

between the wwo mesbers is .001. This arrangement effectively elicinstes

any frictional . drag on the forward rovement of the inertial mass upon

graze impact caused by the transverse, isvact acceleration, cocponent. The

axial ZJeceleration necessary to cause round detoration can therefor: be set

& close to 1 ¢ as drsired without concern froz frictional affects cazsed

by transverse accelerations. This mechanism contaims its owm spin sensing

system which locks the graze sensing =ass until the round is depioyed.

pe—

Should the round strike the nose portion of the fuze, reancard mowe-

ment of an extension of this nose portion Sreaks through the sealed cua

impinging wonr an¢ forcing the firing pir directly into the S & A cenier

SR A e e 3 e yae

dztonator.
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in the delay settin), operation is similar to the M557 equivalent
wherein a ghysical barrier remains in betwzen the firiag pin and center
detonator thus permitting the bwo delay detonators with the S & A to

cause round initiation.




PROGRAM PLAN
A two phase development program is proposed for the evaluation of 3

a point detonating artillery fuze suitadle as an K557 replacement.
Phase 1 is an initia® feasibility phase to p2rmit a preliminary evaluation

tc be made. Phase 2 is properiy terwed advanced develop=en®.

7.1 Phase 1 1

Tre initial phase consists of enjireering, design, fabrication, lisited
MiL-STD testing with final delivery of 30 fuzes for Army eviuation.
A set cf Jrawings on Breed Cornoration foi.at will be deliverea at the
completion of the phase. T-c effort will censist of seven task. 2=d be
cospletsd in three ronths.

Tack 1 - Design Finalization

Task 2 - Centrifuge Evaluaticn of Aming

Task 3 - Josive Out-of-lin2 und in-ifne Propagation Tests

Task 4 - Jolt - Judle Tests (MIi-STD-331 Tests 193-102)

Task 5 - Five foct Drop Tests (MIL-STD-33) Test 111)

Task § - Forty fooi I.op Tests (MIL-STD-331 Test 103)

Task 7 - rabrication and Delivery of % Fuzes for Army Evaluatlion

7.2 Phase 2
The second phase constitutes the advanced developzent phase and

consists of containued engincering, redesign, extensive MIL-STD testing

PP




and fabrication and delivery of 2000 fuzes for Arzy evaluation. A revised

sCt of drawings on Breed Corporation vormat wiil be deiivered at the

completion of this four sonth ohase.
The effort consists of seven tasks:
Tast 1 - Design Firalization
Task 2 - Centrifuge Evaluation of Arming
Task 3 - Sxplosive Propagation Tests
Task & - Jolt - Jucble Tests (MIL-STD-331 T.<is i01-102)
Task 5 - Temperature and Humidity {MiL-STD-331 Test 10S)
Task 6 - Transportation Vidbration, Procedure II Cycling
Method (MIL-STD-331 Test 104)
Task 7 - Fabrication and delivery of 2000 fuzes for Army

evaluation




SECTION 8
CONCLUSION

For over three decades “ne U. S. Artillery point detonating -fuze
rejuirenents have been jati.ified by the MSS7 and predecessor fuzes very
similar in design. A1l have essentially relied upon clociwork mechanisz
to provide the -~vxing delay, a pvrot - nique delay element in th: front
portion of the fuze to provide delayed detonation after irpact and a
firing pin-detonator in the fuze nose xhich, for cuperquick operation,
flashes back through an uninterrupted chanrel initiuting a deterater in
the S & A mechaniss. For delayed “uncticning this chann.l is blocked thereby
resulting in initiation of the S & A detonator by the front end, pyrotechnique
delay elerent.

This basic cenfiguration has been improved and refined over the years
to the point where fuzes produced in the last few years have a very enviable
reliability and safety record. PRecently to handle special target situations,
diffeccnt front end P.D. fuze designs have been toded o the basic clochwork
S & A mechanisa to provide canopy peretration, woid seasing for the defzat
of bunkers and better graze sensitivitr. There also have been several new
S & A mechanisps which, however, have all continced ic use clockwork gears
and pinions to achieve the armirg delay. The object of these mex S & A
designs has prizarily been the adaptation of nexer sanufacturing techniques
for the fabrication of _lxchwrk parts, plus the utilization of designs
which were nore readily adaptable to automated assexbly.

The sirgle exception rot irvolving clockwork in the artillery SEA

field has been Sreed Corporation's SE£0D dashpot which was oresented tc the




Army Kateriel Cormand and successfully evaluated by Harry Diamond faboratories

under Contract %o. GAMG39-71-C-C0O1.  In additicn to providing a substantially
simpler and less costly armming delay device, the small size of the SEOD dash-
pot prrsitted the inliusion of a redundant, 30 ®illisecond delay, impact
backup, self-destruct syster pius an improved setback sensing device, all
in the same volure as eccigied by the X125 coaventioral clockwork S & Al

The subject of this progosal is the adaptation of this proven, artillery
S & A mdule to, first of all, the high volume M557 fuze requirement which
would tlereby result in a 46 to A0 million dollar annual savings at current
procurerent levels. This proprial also incluoes designs for the adaptation
of this basic S & A aodule to three additional point detonatirg artillery
fuzes for the special target situaticns previously menticned. In all four
designs, the substantial fuze sisplification and consequent significant cost-
savings results from the basic simolicity of a SEGD dashpot delay over
clockwork pechanisz and by the inclusion within the S & A of the additional
function of delayed deoration.

Finally, and pertaps most significant ~f all, has been the inclusion
of a two channel, redundant, self-destruct system in the S & A which

should assure the virtual elimination of artillery duds.




APPERDIX 5

Artillary Booster dsseably {Safety Adapter)
Safety and Arging Device including Self-cestruct
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May 23, 1969

Artillery Looster Asscembly (Safety Adapter)
Safety and Arming Device Including Self-Destruct

_(ix:'_l']\'r:ll

The subject fuze is a further extension of Breed Corporation's "Fluid
Dynamic Timer" technology to the artillery safety and arming mechanisn
ficld. Two separate {luid flow cimers are utilized, onc a Sharp Edge
Orifice Dashpot "SEGD" for the arming delay and a Liquid Annular Orifice
Dashpot "LAOD" for the deiayed sclf-destruct "clean up' should the pri-
mary fuze fail. This safely and avining device also incorporates dual
environmental sensing to initiate arming (setback and spin) and is inter-
changeable with the current standard 125 booster assembly or the similar
Safcty Adapter.

The Arrming Timer "SEOD"

To actiieve constant distance arming for anyv given arcillery piece from
mininun charge to maximum charge and thus varying bore velocities, the
centrixugnll" rowgred arming delay timer, must cause arming to occur
as'an inverse, square root function of the anplied force. For example,

a doubling of the linear velocitv should cause the arming timer to permit
arming in oue-half the time to result in the same arming distance. liow-
ever, doubling the linear velocity also doubles the rotational velocity
(spin) which in turn cauces a four fold increase in the centrifugal forces
povering the arming delay timer. Therefore, the arming timer must oparate
as the inverse square root of the applied force (}/V& = 1/2) if the same
arming distance is to pe achieved.

In the ficld of fluid restrictors, the sharp edge orifice permits a volune
flow rate as the square root of the upstream pressure.

Another consideration is an arming delay relatively insensitive to
temperatures over the -65°F to +160°F range.

Fovtunately, in predominantly inertial fluid flow, the fluid viscosity
becemes a second order affect. Thus by appropriate selection of fluid
velocvity, orifice tvpe and size, and upstream pressure, it is possible
to acitieve a flow rate that varies as .he square root of the upstream
pressurce and is relatively temperature inscensitive.

Best Available Copy

Use or disclosure of proposal data is subject to the restriction
on the title page of this proposal.
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A third cansiecration is a suitable scal betweed niston and crlinder
iasury ¢ prizary fluid flow through tae sharp odie orif

Tatic.

viperience witi. its sanciar orifice dashpols
asing 2C' cosl, acfuraie 3iiss pistens and cyliaders dictated the
lecrion of a iiign precision, clese fir, betwcen piston ané ¢yl nser
assure the proper flow pati.

iy, as ret tiomal velocities vary by a factor of tea in coaventional
lery thus 2ausing a ten squared or cne hundred times waristion in
izar ariving {orce, comsideration had to be givea to the sirenygih

cuslipot componcats.

eonre 0
o
n
o
®

The SEBD prescentsd ia tac subjget fuze tas been bench tested axd found
to operale satisiantorily over the range of driving forces that vould

d be o.chuntered by ine sgbjec: fuze as well as at the tesperature
L L - -
extrenes (=03 Lo +160°T).

The Seif-vestruct Tizer “La0D"

3recd Corporaticn’s LAGD uses pressure fluid ilow beiveen & spherical
piston and a giass cylinder. As the piston is forced thrcugh the
cyiiader, ficid f{icw betveon piston and crlinder necessary to permit
pisten movement gives rise 1o . time deiay. Teaperature cozpensation
is achievad DY using the differeatiai expansion boiveen pistoa aund
_criinéer to change the amazlar crifice or ciearance svfficientir o
za.ch the fiuvid viscesity change ané thus m=aiacain a ceastant [flow rite.
Tine delars lor tiree-sixteenth inch piston travel in a one-eighth inia

bore, froz= less thaa cne second 10 over cne Fear are available. iz the
subject fuze, a seif-destruce delay of five o {ifteen minutes from arming
was selosted as being suiliciently long to permit proper operaticn of aay
primary f{uze.

.
RYas

The ar=ing

unleck i

in a frea §
iti s

© e smoactmpopesas e ot 4%
.
[

=
the siider zzaiast the SEOT arzing timer,
delar. Thus, cual enviremmental sensing i.e.,

initiation

the =3ia expiosive Ira.n and thus caabiing the prizary fuze to i
the round at the proper point or time, also Teoves 4 dall detexnt on

ITa2-

Use or Qisclosure of prepssal data is sudbject to the restriciiza
on ihe title page of this proposal.
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izer and aligas an evalosive lead to coaplete
cxplosive train. After a {ive to {iftcen minute de-
prizary fuze, a sta» detonator is iaitiated in the
and tic expliosion propagaivs to the main booster
round.

e sebjeet fuze has been designed arvund staadare, bLigh volize, low

cost =aaciaciluring methods such as die castings, plastic —oldings,

punch press staspiags and cextrusioas and screw machine parts  The dash-
pot componeats ars siamilarly ecozmozically =ass preiuced on ilass shriaking
ard boaring b2il =smuiacturing egripsest. 1In spite of the idditional

features cifered by the sudject fuze over the current standaré booster
assembly and saicty sdajter, tne zaaufacturias .ost is expected to be

comparadla.

73 o
Use or lisclosure of proposat data is sudject to the resirictioa
ca the :itle page of this oroposal.
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